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Title; Heat Treatment Method and Apparatus for Silicon Oxide Layer 
Abstract 

A silicon oxide layer is formed by a PVD (physical vapor 
deposition) or CVD (chemical vapor deposition) method under a nitrogen 
monoxide, HH3 or N2H4 atmosphere at a temperature of 300-700 Celsius 
degrees, and used for a gate insulator. Further when forming the silicon 
oxide layer, ultraviolet rays are irradiated, and hydrogen and carbon 
components are extracted from the silicon oxide layer. Especially, 
during the silicon -oxide -layer formation, nitrogen is interposed in an 
interface between the silicon oxide layer and a silicon layer. 

Alternatively, a silicon oxide layer is formed by a PVD or CVD 
method under a N2O or hydrogen nitride atmosphere at a temperature of 
300-700 Celsius degrees, and simultaneously irradiated by ultraviolet 
rays for the purpose of being used as a proper gate insulator. After that, 
the formed silicon oxide layer is thermal -treated under a N2O or 
hydrogen nitride atmosphere at a temperature of 300-700 Celsius 
degrees in order to reduce a content of hydrogen and carbon from the 
silicon oxide layer. Additionally, nitrogen is interposed in an interface 
between the silicon oxide layer and a silicon layer. 
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S.A1 o^it.^ ^el5 -a^^^. <a-tV^ ^df-tfl^l 5E^. NH 3 Efe N 2 H 4 tifl7]ollA^ 300-700 " C 

7>'i-«:]ES. PVD CVD ^J^oH fil3l) €^1-5^^* ^al^H- t^^f-^^oH ^^ll^ "S^s^^ ^^^51b}-<^ ^ 

ce7H'^l 300-700 " C PVD CVD ^-^i sl?f| -Sel-^E]-^ t^mI*)-^ t-^-f^'^i -fi^l 

^ ^^m-k *1 -^^i 5^51^^^ . •^'i :S^-g- ifl7]CNF , 0 tfl7l)ol]Al 300-700 
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ff- la 



lA £ ^ ;i IB £te 1 €^H<fl 4^ 'i^^ ^}^]^ s^l't 

54 2A J£ ^ 2B 2 -iAlcflofl 41- f j^^El pji^l-l- jsLAl^ Si^, 

^1 3 3 ''A^]<^H ^.^lel -'^^-l-i- H^ltt- 

4A 3£ ifl^c] :^ 4C JEfe 3 ^^Hli 41- ^J"^!^ ^V^a] ^£ 7] ^7] (gradient)* JEA]^ 

>a 5 ^1 4 ^A|ofl ^ >|| 6 .^AHIciil 1:4,=:. 51A]^ IF.^. 

^ 6A £ vfl;^] ;«0 6C 3Efe 4 ^Alojl ^ 6 ^AHofl 14a ^^^iq ;a.:a;]^ ifl:^ ^ 7}^a] ^£ 7M-7l# iA]^ 

7A i£ ^1^1 7E I^fe- ^ 1 ^^<^]^ ThT ^l^^ ^>§-t- 51^]^ 51^. 

8A£ ^ ^1 8B -S^.^ 5 -gAiofloii ir|.= ^^e] t^^i^# v^.a]^ vf.ia. 

9A £ ^ 9B SLfe SMS 1- «']-8-*l-'^ "3* •^l<^]^-& SA]^ 

lOA 5. iflTi) ^ IOC £fe ^1 8 ^A<^n 4# ^^\^ ^fl?- ^ 7>^Al $-51 71^711- £Al^ 

^ llA S. ifl^l ^ lie S.t ^ 9 ^Al<i|l ni 10 MAH]ofl t>^.& ^Ale| .^^la^ ^b) lDj? ni py<^x\ ^s. 7]-%:7] ^- 

101 : 102 : ^llwl 

109 : -d^. ^ Bl 110 : 'r'^ ^J-^l 
701 : y]^ 702 : -i!-^^ 
703 : -yele^ 704 : ^4-^^ 'S^ 



^ t^^, -?r^s^ €^ 7]^'3-o]l Site ^Bflfi] 7]^^dfi ^^s)^- ^-aaj-a-oll ^ii;]^ rill-i. -1- 

iL€^1^El(Trr) a-te ^^^ij-Ssa^^libEl l ol^fl-v. ^ia, ojjElu^ ^-^ c^^i-l-isnol ;f 

cli#i^|6l)-8- ^^ ^Z. ^^^^ *t!: eilAS, PVD SEte CVD ^^^<^] f ^^te 4^el 

■?r^^- ^t- €'9 7l;a^oH TFT 7} ^-a]^ ^S^n] ^}^). i«- 9^]. ^-^-^ TFT 7> <>]-%-^^ ^^^^^ 

;i ^c]e t:-]^ ^Oj^ofl 7lAj- (gas phase) ^^'g-^S ^ ^:2.»^ tfl^ 

°t1l- 1-<^ ^^'l ^£A^4 ^^^-Jli Xl<^Ai t^j^t- ^te ^-s-*]]^ t nil ^-^ol 

l-H^c)-. "lefli Si-^lAi Mfl- "§71 ^gflAite ^^1-^* ?J-te TFT ^^-S* ■M^J 

«l-te Aj-'t«i 

5]^^. TFT oflAi TljojE ;g<ati{.o.s 6l^.^. =t- ^WSi-^ ?}-te -ae)?^"*! '=>]-%-^ TFT i 

Si-^lAi -^sl^Bl T^n^] ^Ajj!> :^<a^ 7l|^,lH ^^ti] o.) ^^o] ^ 7W IL Sl4 

^■a* ^lolS ^^5)-^ ^ 5a4(i* l-'H. -a^- ^Ji H3-71793). 
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C 2? Jl^ol A^^t).. OL^l\, 3.4 JL^ ^ileli t- Sl-t- 4Si\^3Lh 7]^^ ZL 

^0^27] ^-^r JL7yc,]^. ^n^o] TxH^oll ol^Tfl 3^fe§->i|^o] ^4. 

32.14, Ji4 ^ -fhel 7]?!: nl- sfl^^o] 750 » c <^li;i-, 1-^^^ 550-650 " C op] tfH^ofl. :f 

^ "^^^ °l-g «l^ "S-a^f-i- a^-c^l 71^^01 o^^ «-^^o] ^<i^^- 

l-'i -i-el-S"} CVD ^ i£ CVD ^l}-^)-!- 0]^^°^ 
aem-, PVD ^J-^ 4-8--S^^'»^ ^^e^^ ^ t(uiipaired bond) ^ 

7>^H. ^^^I'S ^--^-^1 '{^Sii^^] .i£|HS, -S- 7l|e]oi(hotcarriers)fi1 ifl«il S1=*|-2., ;?)7il-iJ!(c 

harge capuure)^ ^-^o] -^-cll 1^ ^ -t'^i tl^i)-"^ -^t]) -^^^^li:).. 

4^^*):^fe5-^^ol si4. 

il- 1:<^. ^S>^^S PVD i^-^?! ^J-'S^l °l-§-Slfe 2^£.<^q -i}^ ^ ^^E^^-i: S.ti\^ t'S ^1<^ 

E^-^Ctarget)*! Ej-^ O-ii -^l-g-^cf^, -e-gr'^iiSL ^ -^.5]^ ^t'^^ ^-^^i^. -"liim-, <eo1^1 ^^]^] -t> 

ol. -iVife ^^^n 7i^sAi 4^21 »|-4. nei4. v^o. gTi-^^ ?}7l nfl^ofl ^^^^ ^£(^> y-iL 
^-S-l^^ jie^t «>fl --^--^^i^ ^^7i\ ^i^. 

^^^1 wft^lti ^£7> 4.?.^ tH7l (atmosphere; ^^-^^Df-o))^] -go];*] JlrfSflSL. c^ll- l-ol, ^\±LSi\- 

cl^-o], >i3B|Ei^ nfl7]^-o]El.£ .fell ^1- ^^±A]7lir ol^-f ^. -f n(l ^i^^ lt(Si • Efe SiO • )^ 

sl-^'^ ^1^<^ ^7]d^A] ^^^^ Si-H ^ Si-OH SiT^ °M^^°\'>\ §4. asl4. Si-H ^ Si-OH 

l-^>^^3i. ni-^ 7>^ :^A<^ ^^"iTi ^.^^n. •S.Bl^ ^tifl a^^a -a?!] ^-7l»^4. a oi=v)- Si-H ^ 
Si-OH it^ ^^Bfe ^7] ^ ?11elol ^^0)1 aji^ i^^c,] ^oio] ^4 

Si-im Si-OH ^^Jl^l 41^?4 ■^:ii(water)7> -1-4^4 C\T) ^^'a t 4-§-«1-<^ ^^l^- -t!-^^!]-^ 3. 

-gftCriiOS; (tetraethoxysflane)ol ^^<^^ «r Sfe rAuiS-A^ «>l-8-S)fe ^-f'^H. -^2]^? -tls^-^ 

^7M?l2, ftfll- ^ol. "^xv^s. ^.Sl^ -^-Jtl^-i- 'a'!i2^-<^1^4i(N 2 0)5) ':fl7l^<vIlAl Sl^f^ 900° 

C ■a-5.<^lAl ol'S-^j?! TflolE ^o|i}-^ ^ J14 

ati. ^t 2:A><>il 44, ^a^Ai TEOS 4 •f'^l -l-5)-2:4 CVD "^^ a- <^l^-5^<^ al^Si ^il7T- 

900° C ^ -a-.'?-?. ^^li!]^<^ ol^l-^ 7l^lS. ^ele ^ ><W^ol i^*^*] s\e^v^_ 

=L^]^, -^71 Altl-6)1 ^^slfe ^^Iclfe ^±1^ 900° C fil Ji-g-ofl^l 01^01471 i:fl-S-o|i. n -1^:^-?- -^-^ sF^^* 

Sfe, ijc^ 71^4 7^t- 7mo}|Tj> 71-^4711 €4. 

^4^0.^. U 21 -V- 550-650° C 21 ^^^^?l^-i£4 750° 014^ sj^^^ 0^2^ .^)-4 7]?i:^ a>^.4 
<H TFT 7> ^^^^ £^8^1^. ^ ^4. 

^900° C 21 ^SiAi ^^l€l4o^ -901^^4 ^^tJ^4^, 300" C-700° C, 4^^1S^?l]fe 500-600° C i 
Al l-slBl -^ci) -a 01^ ^ si4fe ^T'^Sa^. ^-^H ol-8-€ ^Sl^-a^ 4^J-g: lOO-SSOnm, «}^^]^;^^ 15 
0-300nin^^^4^4. 

^ 1 #'^€-N 2 0 tfl^f-oj] 300-700° C, 4t^«^7l]^:r 500-600° C «-£<=flA) PVD 'S-'S £^ CVD wJ-^J O-S 
^'*j€ €e)e^:^^-i- ^^el«1-.ii, -^aIoii 42]:f^o.i?. vj;A}^<^^ ^«a4o_j?.A-i dj-^^,'^^) 01^471 4S)l 

^e1^ 7)l^Al7li^ -^^ 1^.4, o)-i4oKNH 3 ) (N 2 H 4 ) 1^714 ^dt 

ifl7l, SLfe -^^dli c(|7HlAl 300-700 ° C. 4^2|^XIfe 500-600 ° C ^3£<flAl si) ^t^b]^ ^^7] ^l^t!" t^l 
e1/4s|5^Ai ig-A} ol^i -^1S€ 

N 2 0 ifl7l«flAl4 ig-^iis 7q-Sl^Alfi| Ig-A]^. ^4, 2^ ^± tfl7l<S|lAl 71-^. 4^ 

Sl4. 

N 2O cfl7HA^ ^^2l-^-<a:, l-c-l. ^4^'a:3^'Jh, ^^sl ^.vi ^ 4^^-^d^'l ^l7l4 ^-.^cfl 44 4-f5iziT?i- 
"-Vd^-^- Jislt "fl, 30S-iAl 6 Al^:^oj 4e]E|fe .5I0) 4^3^144. ^^0]^ ^^ofl^ 7]^ ^ 

•a' S 1:'I4 'r^^^l: l^Js)<^'»l= ej-^l^h tfl^ -i^ar^a* 2.3l4<^, ^ 'g-£7> '!^'^^4^ ^^4 ^ 

s.^ 5 «1|Ai 30 " c/*447> 4^^4-4. 4^01, 134^ i117Hai ^ 5^4 

dj^ol, ^sl^ A)-44 ;il5l6|] 4-8j)_ dill. ^01, 01-J2.V14 (NH 3 ) 4olH4^(N 2 H 4 )4 ^-S^L di 

7]oiiAi 900 ° c ^3£iAi <a4ei«i-<^. t-a:^ ^^'Si 4«ii -^ei^ "im^] ^^^^A ^a^t ^^1471- -a 

^mi, ^tfl ^t^7l- ^}-dis)4, ^iJl^-a-^^Ml^ 4± %-5L# •t-7>Ai4, 61^:^01 7l|oiH ^s! -ie)^ At 

^s|4. ^4 ^42l7> ^dbt 900 ° c .0-1 Ji-g-oll4 ^Aioii ^^44 Tfl^, n -i^-^ 7):^4 22fl^f;g 
# ^fe 7l^<ifl?> 7>^Ajol 5^4. ^42jJSjL. a <m^^ 750° C olfSI-. >a^2^jejg. 550-650° C ■Sr^.'s] S!i^^-$- 
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Sfe ^]-^ 4«-«H TFT 7} ^^S^ifr ^ ^4. 

^ ^^^^ -a-^l ^>-S- ^^^■'^^ f AB], 900° C €r5Lo)]Ai 't-^sl-'^ "^-^^l ^4 

NH 3 Sfe N 2 H 4 ^y]o1\M ^^s^fij-S-*]: /q-sl^-a ^a-AW^.. 300-700° C, 500-600° 
C t^ElS Stl^^. ^^l"^] <^l-§-^. ^^t-a^ 4^^^ 100-350nm. 4t-a| 150-300nmS 

4. 

>il 2 ^l-^-a- 300-700° C, 4t2l4>llfe 500-600° C NH g SEfe N 2 H 4 21- ^>-a: ^l^t ^7M^] P 

5 30° C/min ^l-;^] ^o] ^}^^-s[^. ^^o], ^S-.^ -^^-^ ^2^- ^e)^ ifl7l<flA-l ^^^1$ ^ 
^ 3 ^-tbSj-o]^i(N 2 0)-°^ tfl7HA-1. 300-700° C. ^It^lS^Tllfe 500-600° C ^£o1]a-1 cVD S. 

i|7)ojAi 300-700° C, nl-t^ -^tJIt: 500-600° C t-SLS. ^^el-f- '^^^sl-^ 7]-S)^>l o.^ ^a}*^^ 
^t^4. *A]<)||, s^'g-^ 100-350nm. 4tal«ih7flfe 150-300nm«- -€^€4. 

-Ti -^it N 2 O 71 ^jV^iS^^ ^-I'^iS: ol:^o11 r;i<yEl<^o> -^v] , '^^7] o] .<> t N 2 0 ^ 1-:i--^i7l 

^4^-<?~«-, ^a)-*-T-ei N 2 0 flfl7)i- ;^ 1 Bii^t!: ol^-<^ '^±-^±:^} 5=^5)^ <5jo] 7pg- -^^Hy]- €4. :e.4 
•^71 N 2 0 ^.dta Al^^slol ^.i xfl7ll- ;«8-?^<^. N 2 0 ^ ^X-Sl^ ^^-^i^^O 31, t-ii-^ife 44- 

^ at^fe -^J-71 7l^-^- -i?-:^o|l jio^A^, II ^51^ 44.^ ^:*1el^^l: §7> ^. 'r Si^4. t^l 

^ Si7l4, ?il^ ^ S14. 

N 2 0 ^ c||7loj|Al ^ji|e) 7]^-^, ojj-t l-ol, ^e)^ -a^Bh ^£ ^ a1]7H si\^^ 

^ ^^S^l- 4r5Lfe 5 30 ° C/min slfe ^o) 4^^«l-4. 1^1^*1. ^S.^ "^"t ^ ^Blfe ^■A<^-^ 
-1=314. 

4 ^'g-a- CVD '^-'Safe PVD 'S-^i i»1«l.<^*.-^^^.rfl7HAi 300-700° C. 4t-a?^7llfe 500 ° C-600 ° 

C «->Sf-8-i ^^5lo1 ^fe ^2l§ ^V:^^^! 'ri8«F?l^<1 4s1^-9-5l-?. ^M^^ ia:>^4 

7] t1l7ll- N 2 O cf|7ls 7i|»||.-xl-S)-31, ^7] ifl7H'H 300-700 ° C, 4^?:i «>>n^ 500-600 ° C -P-iS '^Xlu]^ 
7}fil^^^ oj= ^>^A}^\r-. i^^r).. 

71 JH 4^8)l;^o> 0)^6], ^Hsl f'7> ^ :Sr±s^ ^^}, ae|ji, ;^>iil-t*i AS. 3 

^ Si"^Ai l:ol, :ii3flEl ig-^^ PVD ^ #4^4 CVD «9- ^-<?-^- fl^sl^l^) -sl-J. ^1<a-CVD «J- 

^ SEfe ifl7l^ CVD CVD ^J-'g oJ^g-Ejo^o) tt4. ^H-^j-"^ 4€- 'g-^S <il^€ =r Xl4 ^l^o) ^s. 

TE0S7V o]^^^- 1-4^4 CVD ig-^g afe ^"3- CVD 'S-^tfl^i o].g.^ ^.3^ 5^4. j| o.,^ ^6] 

Ai TEOS 1{ <:>ii7> ^.^ 7ljNli2.Al <^1§-5157, rt ^^ij^- 200-500 ° C 7]:^ ^r^i^i -^<8^o1o> ^4 ^43] ^-f 
i Sl*HAl, #4^4<>|| ;^Aj.5)X| ^El^ -it^a^-g: €SJ?:.Al TEOS «>|-8-*|-<^ hIS^ V^-S- -S-SK 

i#l:<H,375 ° C±20° O^a^ ^o^^ ^ ^4. 

-n-4*|-7il, ^^l-a- CVD 0.5L, SLi^'aS(SiH 4 ) ^ ^>4i 71^71- ^^^S-*] <.]^:g4^ #45^4 t-^}-$r 

^ ^v^ d^o], ECR(^4 4«1 l-SS.-g- ^Ell4"1lAi Uj-:*!*] -t4a:4 CVD »J-^^<^l/il ol-8-4t E 
CR-CVD ^i^t- #4a4i Ji4 e-'M- Ji4 oj:3^^ THolm ^ Sii4 

>«ii 5 ^^^-^ ^j-^^ i^^#^ ^i-g-t ^5^21 ^'■Iji, ^^^ej ^4 ^Hi, -g-is 

6)1 7m-i- -?r7:|4TI, ^^el ol:f o?| 7l^-fi- frT^lsl-V- oflw] sgia]sl-. 7mo1 01-^4. i^l^ ^4-. ^^^l7l. ;^|^^ .:^c3 

^41- £f-4feEi], 7)^ 7}-^4fe si 6)7} >ll^^ 7]^ ^nl7l- ^;*le^# ^h]o|] ;:«i|^5^ji. 4si|^-^ 7]^ 

# ^447] i?lt!!: ^^^-^-l "i^^ 7}^^ ^13\ <ll^£fe vfl^oll ;«j|-^^t).. 

^4 ^7l-47l7l ^4c^. Aj-71 ;^^;*]ifl6ii ^») if)A.ci(| ^^a} o.g. ^x^ig- ^^O]^ ^ 

^1<^H4 Sr-fr =^^^l7> € 1-- SlJi, II t^^l^lfe 4*0) -^l-^slfe ^^J: -a^^ $14. E-i=-. 7l:?l-lr 7]-^4^ ^ 

7^ ^Dl^ ^/5l«J- -^^^o.^ tVlrOl i! e«llolol4 'r"^ ^^"4 ^ns. ^It- ^ Xi^l 4^^! 

71^-a- ^^i!l4 *A]ofl ^Si);g ^ jl4. i^^po], O.S ^ailol<HS!). ^ £t\- ^^(>|| *] 

iil7> .iis]^ o;[4. 

* t^iq 4€^ ^J-4fe7l^ 7>^47l ^^'S-^-^ ^^o|| -g4€ 81e|4 ^»14. 

f"'<H 4^q*<'l^ 7]^^ "M^fe 444, ^ ^-^^ ^f-^ ^wl^ vfljf 



-4- 



Bmmm 10-0313385 



i ^^-5^4. -a^^il^in Sl<H^i ^^^m ^^^iltli^l t;*l2l-§- "^^^A 'i.^^7]:t<^ 7]^-t^-^^3.. t^l 

e)7> ^1*-^ ''^i^l 6]^* "^^^^ ^b1« n^sm^i. 71^3: 

4 7l^-§: 7}^S]-7l vfl'^ m-<^ ^-S: ^^AS. S•r:^. B^, rf^^S^ ^H]l- 7^ ^ Si^l "11^ 

oil, N , 0 tfl^loflA^ ^^5^4 'r^--^^. 'fl7lollA-1 ^7]i]7\ ^0] ^ ^ 8^1-ifloil7-i ^ Xtr}. 

nH-^H^ Aia^Tg4 t-t- ^^^l-fi -t Sl^, ^ 7l^ol t- 5^^^. 7]^ 7>^ 

%. *«i3]iflfi] 7l:& *cl-v- ^^-o.^ ^}^°]^ ^U|)oH^ -t* -^^l^l ^Efljg. -t" Si^c^, 4 

CVD £fe PVD 'g-^i -0-l«f| ^'^5|<^^ ^^1^ ^Sj-??-"! N 2 0 tfl7]«i)lAi 900 o C 3 opj-iq -grS-ofl^l 

nfl, ^ifl ^^-B: #1 Sfl^. =T 5a:il. -^.514? Si-H Si-OH Si=N 

Si 2 ~N-0 1^<^] ^5}-l- ^tslal, ^e)^ -aSj-^sl -^l-o] ^-1- 

=S-^m. ^ ^^h'f-^] 91-^^^ -TA ^ ^i%i=-5r -a^^-^l^ 10 nA 

€4. >ii<>is ^i^ie •tb^i-ifl'^ 0.1-10 %. ols. 1-5 %7} itsife -^oi 4 

:$_3i^^^s.. 7^o]E. 4*1^ ^^li^i ^ ?ii2i<^i fii«fi ^.t ^- ^Tfl 4^5ife ^ifl si- 

H ^ Si-OH -4^^. 1:<H, '4^ 4t°] ^fe Si=N ^ Si g =N-0 ^^^j'i, IS: 

?uv ^ c,]r^, ^^a-^ 3.?]] 7^ai€c^. 

olal* ^"Si Sl<H^1. 15- n^^]"^] ifltt ^T^^^ -gsle Si-H 4t ^ Si-OH t^-^, 

^Bls.i2j-o. pg^l^ ^^g. Af^-l-s ^SA]?^ -m^JL. -gBl^ -a-^^*) TFT ^ 7«o1:e, 

^^•^ ^fflfi] ^-§-^ ^4:^ 900 ° C fi) ^£iA^ ^^^5) -^7]^ N 2 0 1- 

^AjoJ o].8-^^ ^Sj^Alfi^ 100-450nm, h}^^*]-?!!^ 150-300nm <^14. <^1^^N 2 07} ^ 

*(| 42)5l7l nD-S-oj) ji-S-ol gr^-ji ;is..a. v^I^^p^, -8-71 7.1^^ -^-^gti 300-700° C, 4t 

31^7))^ 500-600" C -S:?-,^ ^^e]*H *1 B|€ ^ Sl4. if-tl:. Si-OH 1^. Si-H -^81 4^^4l 'S" 

44^ -iel^ 'i.W<^A^ 7i^^ 4^^^* ^7)] a 14, -^^l ^>fl7> -S"?] YS-i^i 

2, ^7]fe ^ti?- t-i-* ^^Ai^4j7 ^s^^t^. Aj.^-^ A>^-& o>iiii<>ii ^T^^^ m^]<^ »]n =§7ii f-^si^i^ € 

4S- »II<=14^^ €s^4 TEOS ^ ^4:4 cvd 'J-S-t- 4^-«l<^ 1200A -T-^a ^€l-s-s}-ol 

A1S.& ^^^tHI <5l-§-5|gl4. ^is-t- N , O tfl 71^-011 <ij*le|si'?iAi. ^sl^^^o.^ 'S-Al-sjol, ;.;.^2 ^> ^l-fr 
^^«^(SIMS) ^•'S* -^l-g-^"^ ^.i ^:£7> 3:Af5l^4. a ^.o^^l ^4fe 9 S.A]Slo^ sic}. 
•^7^, ^1 9A £fe ^^^-a-^-S- N 2 0 tj)7HA] 400° C 3 aIj^V^o]. ^js^e^^ a] g.<q 

-^SHS^-i- 44^4. «120|1 SloH, ^-i-^*! ^^.SlS -fe-S^t) =S^-gr 9B 

£0fl £Al5)Ol 5jt}. 

^7] 5*11 9A SLA]^ 44^J-ii^ "Ml- ^R^^^^l ^<i^ol^4i(N 2 0) A]7]<^^] 400" C 

^. Ais.<flAi 44, 4.^^ ^m^^ 4.^^^}o]^ ^n<^^ ^.^ ^s.^ <»1^.4 

VI. ^ifl it«- -8-71 44^^4 N 2 0 cf|7HA;i ^^1- ia^4?l7l 

^ <^^4. 300-700 ° C ^iii, 4t^^7im 500-600 ° C ^11* ^<=>\. «J'H.i^o}(nh 3 ) £fe ts1-o]h4?K 

N 2 H 4 )4 ^-S- -rrfc 5fe ^41-4 'fl7]<1lAi <a^^el 6}c^, -ftfl ^^(si • )^ "J^-i- ^^Al}'l7l ^ sfl Si-H 
It-S-iS. ^.^r^l^J. ^ 5^4. =L «M7} m^W. € =t ^4. =iz]^.. N 2 0 

tj)7lo|]Ai ^^^B]/4i?l^^ ^44 ^<fl €^€4^ -^4 4^-& tt-§-i tt^^ ^^-i: ^1- ^ Si4. t-l^o), ^ 

t^- ifl7HAl j*|e1^\a. Si-H 1^ ^ Si=0 «fl:3^«>1 SiN Si-N=H 2 ^'^'ir ^^^4- 

^8-71 ir.4fe is]4 ^v^^ A}^«}Aj ^^^a -ye]^ ^^m^^] ^ ^-S-^ «51 ^^^tII 444fe'^11. ^1- 

^^^7] 0]-^-^ N 2 0 ifl4i4 :3-4 4* ^^14^'^ -^^.^ -a-f-t ^li, =!■ -gels- -S^l-ol :^4^^ 
^ ^^^W^^y] «i)*<»14. 

'8-714 ^-e- ^4^1 "^^^ «l-8-4^ ^'li^ ■t>^4€-. <4* 1:<H ^JiL44{NH 3 ) s.^ •s}«1i^4^ ( 

N 2 H 4 )4 "T^ Efe 'T-it-^S}!- t()7HAi 21 rj.^. ^5:^ l^S^Alrj ^ gj7, ^ ;g^(si • )^ N g 

o tfl4*1)4 ^4=1 -^.^ Si-H <i^j2.a. ^?}A1^ ^4. 

N 2 0 ifl7]oi|4 ^^e)4s.s.'H <i4fe -8-71 ^^2:^ .-qse :e.4 -S-omTfl €4- 
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€4. ofll- -l-ol, -iV^iS)- 0}^^$; ^tJ-g-^ tfl^lf'*^! ^a^* iifl. ^di/ o}^^> 1 o] <ii3^fiilo> ^l-ji, a.u> 

^'rt "^l^ ifl^HlAi ^^1x^7} ^.^Slfe ^o] ia>t2l-5l-rf. ^^"i iL^ ^?\] ^JL, -'^7]^= 

m ^S'iV^.'^l^i 2^^^] H£fe, 'it^i^ «>-§- m°]^, #<^, -il^ '^^^l^ ^^^^ l-^m 

^-3-^ -a*)^ ^^e^o..?. ^ $a<H2?., =L^y'-, -^^^ <ib4-Vol-s^ -2-t€ tfl7lc.i]Ai ^^s]o1.^. a ^-i-^ 't.V 

4. / 1 ^1^4, 1 :a.r^ "T--^^^ -d;-il- ^-^ -fr^t m. <^1-I- 1:-^. 

■g: <=^1* TE0S4 ^il- €2^^ -fsl-iiB} CVD sfl ^^^1 ^. 

e)^ Ai.^.B]-o] aj^^, till ^itfl- "3^4. ^2^^ ^m^^ ^^:i7> it^lJi, ^s] -^Ib^^ 

t^^±S.. ^ •g-'^fi] 01^4- ^s.S.^. €a 7l«11S.Ai TEOS 4 i-c^a^ CVD -^^^ .y: 

ifl^l ^i: ^S-te ^ ^4: ^ife *7>^'aAi. :g.A]oi| 300-700° C ^^-^ -fi-^lt&tj-. n 

5. .714 •i!:^^-*'! ^'S^-^i-S. <»l^-slfe TFT^ ^ ^s^-^^ 44^4. 
CVD "j-^ Efe PVD^^'S *.S. ^^,5€ ^JSj-s) -'] 900° C Sfe 3. -^l^j-sl NH 3 N 2 H 4 tf)7l<>il 

^1, ■¥-•^1 ^^-8: -^ztal 41*D--a -f Sl^n, Si- II ^ Si -on ^^-8- Si=NHlt 

Si 2 - N-H ^l^-^l SE-fe ^Sl-i-S. ^.^r^lJl, n Aj-sj-n^-o^ ;g4^ aj^^ ^-7]b1-71] s.^!, aJ- 

^714 ;^]:^ 7\^±s. ^^^^ ^7} ^ ^.4:^^: ^e]^ '^>^iq-o^lAl sg^- ^k^p] 10 ufl?} ^ 
4. ^-a^l-t- ^^1^ ^-^H- ^-^ 0.1-10 €4 %, ^i^^ 1-5 €4 ^«>] 4U- 

^s^4. 

5., E ^°344 4°!-^ ^^1°1|4 ^J- ?1ie)'>loll sl«t| 4^ 1^ ^ "gTil 4^^^ ^^4 Si- 
H «^ ^- Si-OH ^^;-§r, <^1* ^l""^! s]^ Si'^N It ^ Si 2 =N-0 ^I^^S ^€^2, -SS" ?8ei<HS 

<il^ 44^ -^M^ '^'S ^^4 4^J--ar 3711 ^^4i€4. 

'^]^^ ^iii'i 5a<^^i, 33- -^.el^- -^]:44iB5l -f-cMIl- Si-H ^.t ^ Si-OH 

-^2)^4^ ^tflA-1 ^5^-1- £^ -il-4-i--?- ^^'^Ij^ 7fl^£):il, -^215 -t!-44°1 TFT-§- tIIoIe, ^?1e}-o_ 

s.^] ^]%-% nj). n jL4-e '=>H-^ § ^-^Jgt/CS-a)-!: 7iiaAi7ii, ON ^-W-(:!i^4. 4^ ^4<^1 4€- 

^4)^^1 'Htrm ^-S* ^4^4. 

^^-^ ^^fi] ^-g-^ 900 " ^SoD^i t^li^ A-lEl^^C)-. >^7]^ NH 3 ^ N 2 H 4 1- 4^4 

fe^l lAii ^iE7l- 900 ° C 4fe ^«14'3-a- ^ •!= X($i4. :i5|4, ^ 4*^^<doll 4^ '9-471- 4^1 

"^l-g-l "fl ^^i-t t- Sit4. ^■4'^1 '=>l-§-^-.=r 4sl^t^i^ 4^J-vr 100-450nm, 4t^ 47ll-x=r 150-300nm <^14. °1^ 
■Sr NH 3 ^ N 2 H 4 7} 42l^^d<=fl 21^ 4^5)71 ^^<^1 Jl-S-o] lAS] o^vil-ji ^s,^ 'S-71 :^lal 

fc ^'&t} 300-700° C, 4^2147)1^ 500-600 ° C ^iSS. ^.^sj^^l ^b1^ ^ ^v}. E^, Si-OH 

. Si-H ^. 4^ 4^^^-<?-?- 44^1^ -yiel^ 'il-44'^1l^<1 ^^-S- 45^1^^^ ^tI) ^^4:ti, :.i ^4. 4 

4 <^7l Aj.tfl7> A^7] .^^oflAi Aj.^ti^j7_ ^7]^ ^^A. ^^Ai?iri.5i '*5444. 

^J-7l Jl4^ ^ 4^<^1 ^^lE) Al^g-^l-cl ^Aj^ ^5^5 'i}:44(4«l, '^l-l- Ir"^ ^st^l i:)l7lS.4 4s?- AS. 

<^o\^ ^iL4 -^-:£7l- ^5le 't>44)<fl ^-S-^-b >g^oil iL4 '^4^ 44'd:4. ^4 4-a- 

-f-tfl ^.t* ?i'^4. NH 3 N , H 4 4 4^41-^.41- cfl4'>)l^i 300 ° C-700 ° C SL t^H44^-'^i 

sioi. 6]=:^i:fli ^tfl sfe -a^i^ 'a44# -T^ m. 

Zi4 JlJ!|-^ iSElE^ ig-^olslil pvD »8->a aife CVD 'S-'a^S. ^^§4^ ^.«1^ >>>44ii-i55- ^.^t -r^ 
SI4. 

^714 ^^-i- "l^'-ai-Je.JL^ pvd SEfe cvd 4^* 4«-4<^ ^-^^ ^.2l4^ ^i44^^ i^l-r^^ -f-tfl 
tt-S- 44i^1?l2, 300-700 ° C -"1 ^Sr-k <*l-8-4«^ *£-t ^j-'s'^l^ ^ SI4. 444, ^4 ^-S: •gel? -i!: 
4401 ^ll-^l^^ ^^?!l-.o..^. o]^^ 'n-Tfe- 4- 4--4 4-^ v.'^^J^.M- 44'a4. 

>11 3 ^i'li 7l7DJa ^sl7l- CVD ^-'S £fe PVD ^ 44-S- °l-8-4'=^ -a^^4'S, :i -Sel? 

A]-^^ iflfi) Si-H 14 ^ Si-OH It-^ N 2 0 'fl7HA^ 2:71 ^^eli il8i) ^1:4«:S. ^^4^2., Si= 

N £fe Si 2 =N-0 ^^s)"^, -giile ^44^1 ^i±^A. 

cM^L ^4* 'fl4°il^i ^4 ^^^l2li ^«fl, 471 V>-§-<fl t^-t ^ 8i-fe ^tfl 14[«^ ItCdanglin 

g bonds)]'g: ^41- £^ ^4i-'^:t4»:£- •?l-^€4. 

^ t'^i'^'l 4^4-^d(100-350nm 4^, 44^47ll^f: 150-300nm4^J-)4- '>]-%-^ 44^ 5^4fe 'fl-f H4. 'S" 
71 7lt^. ^-g-'S: 4^4*1^1 44 4^ ^1-^4 ^ ^4. 

^Alcli 4714 ^-gr «J-§-i: ^4471 ^sfl^i^ ^^4 900 ° c ^^7} 1A44. ^. 44 ^l-S-^N 2 
0 JEfe -^41 ^.41-* "i^-S-JiL 4^1471 *)«S ^iii4 900 ° c 014. 
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-i-ol 4^21 iil Si) 4313^71 7l 7l#?> ^£7l- ^.AA] ^7] lt)]-S-6tl, >a-7l 7]-^-^ -f-Qj^ a^-^ .^^H 

300-700 ° C, a>^^^i1-'ilfe 500-600 C 'g^2^7s}-S.S>H ^^-^1^ ^ SJ^fe ^^l -f^'^Sl^lcl-. 

Si-OH 4.-^. Si-H 11.^4, ^^^-^AS 'g-A}^^ ^del?^ ^i^^i'*! -^Fifl ^.f-^r Tt-sq^Ai o.^ ^^i] 
^i^3i. liJf^jii^, <=^y] ni: 4 -Y-l-^A-] Aj-^^i, ait!-, ?>-§-* ^flius. 44^)4. 

^«3=o1 7l#s. e^^oi] « 7}- ^ ^ie]^ 10 

^S^.^^ ^le)^ ^.4i7> 0.1-10 €4 %. O-^-t- 1-5 €4 % 1- 

H ^.^ ^ Si-OH t t-S:. "Ill- -i-<H. 7<}^ ^t<^l ^fe Si=N ^1.^ ^ Si 2 =N-0 ^t^-in. ^^s] ja. §5- n^6\-^ 
?M -a-Sflsl o\^_ 3.7(1 

^t A] <^l*i£. ^ ^^a^KS-^J:)-!: ?^^^]y]3L. ON ^^(ii^, a];?]: :^4<^ 4^ ^m^s] o]^-^ 

^7] S:4fe .-t^E) ^}-%-^^ €2)5 *°\, ^}yi.^SLSL <^c]:Q Bl^Ji4 

^£7> 2!^: -t>^^'-)i ^ ^'^o] ^-8-^ ""^ "l^^fTfl 4Ef>+4. ^7] o]^^ N 2 0 cll7]«^lAi ::i.si\. 

^•Sr I^S ^ tl-Jtl t t 51^. ^^-i-*! ^^^'^^r «1 t-i ^ Si7l T>l]g,- 

o]^. N 2 O tjl7HAi ^^^S. 4^01 :§ lfl7loll>^ 4^ t^il^ioll ^ ^^^^ ^ 

S€4. 

^ 4 t^<^l 71:^11^ ^el7l CVD«^^ SlfePVD 'IJ-^ -gr '^>-8-«j|-<s^ ll'S^ '^el€•'^1■^^AS ^^€4^. 

^W^ms^ ^fl] It. Si-H ^t ^ Si-OH ^4: ^^1- ifl7HAl 2.7] -g^^el'^II ^^il31. Si= 

N Hlfe Si-N=H 2 St^^ ^€€4. 

ei^ol, -8-71 €■-§•'^1^1 ■'S^^ ^4:^S- --X-t(il- Iro^, NH 2 -■^-f-)^" N 2 0 tfl7lojl./,-^ 'i^^l^H 

1- BE^ <i41-5. ^^sqol. Sl= N ^ Si 2 =N-0 '§'^1^4. '*7l 7l^€ ^sq^-ilfi) JS. 

4fe ^ 3 ^'S^ 'i-f <fl^ ^^l^ "fl-f 3L4. 

=L^ ^-8: 7l^-S ^Til ^7} ^ ^dt^=^ ^B]^ I^if %-5lS^ ^^7} 10 a1l7} €4. 7\]o]E. 

^.^.^"i- ^ 8)) ^.^1^ -tl^Bl-fil :$_±.7} 0.1-10 ^.4 %, ^.^^ ^S.^ 1-5 €4 % # ^<^1 nl-t3l«1-4. 

"lel^ 'D-'^oll ^o]^], ■^i'^z\o]c-^ ^=f-^% -^^^ -a^^-^l, ^^l^^l-i- ^5^4 ^tfl It, Si 

-H It ^ Si-OH ^t-i- « S^* afc ^^-A]?^ 7^512.. ^Bl^ -a^sfo] TFT ^ 711o]:e_ ^<gg}-o.^i 

uH4 e>1 tt] -g, ;^ ^.4. 

:e.4 -a-i. %-s.7> ^^le ^4^)°11 ^j^l '41^ 5:44, <^l-t l-<^ TEOS 4 ^-S- ^il it^r i^i: 
1- 4-8-«)-^r #4=^4 CVD ^^^^.s. -ie]^ •i>44'^ "^fi^ S.^^ ^ 3 ^'a<*ll^i4 -f-^*h4. 
/Hi 1 -tJA] 6)] 

^7| ■^<%^^ ^^l-^lfe §4^-4 CVD -^5)? ^-^ej-ol N 2 0 '^7]c^^] '6^144 ^-^lofl 44^ 

2l8fl ^^4ai, >]]oiE ;g^4_o5. N-^IM TFT 7V ^^4fe ^>-H1oi4. .g. ^Ai<^]4 tft ;«1l2t -s-^-gr 
7 Si 5.^140] ^4 -ibs^-^H ^7i|.4.9 ig-A} j*i4oi| 014.4^ ;g-44 A:^o] ;H1 1 £<i|I je 

^1^<^ Xl4. 

-M, ^:4s}-(702) ^ol^iCbase)^ 7l4a<701) -S-i^ #42:4 CVD -^>^-«l-o^ 3000A f 

4. 

n^f, #42:4 CVD ^<}-^-S- 4-€--sl-<^ 500A -T^ls 4^i^ €elS4<=>1 ^^^€4. =1 N 2 ^^oflAi ^^47} 
^.fgslai, a vy^t ii.^^'^-e: ^.^4€4. i» 1:^ 4€4 4^^^. 'a5l4?4 ^?ui7l^ ^I4i4 

S.E|]«1>i '3=(trace amount)^ ^/>H ■€4-&4 ^^4-1^ ^^^1471 ^ ^7}^ Xl4. 31\t. ^^'4# ^ 

7M471 4gfl ?^io]4 oi4.g j*i47} o]^^ ^ 7A 

4-8-, 1^^4€ ^2l^4(703)-& ofl^4*1, -aCsland) <^^(704)o1 ^-^^€4. -8-71 ^d^^4 51(704)^ TFT §1 
'*^t-ol4. lOOOA -7-^4 -€4^ 'a44(705)-gr TflolH ^<a4o>?. ^^^4. ^tg^ -^Ajcfloi) ^x<^x\ ^ 
^^-^-S- 42ll«^1 3 7)14 .^o];^ «j.^(i_3)^ o]-%-^c^ ^2€4W1 7B £). 

"J-lKDofl Si'H'^i, «s^>^i TEOS* »]-§--^4 -S42:4 CVD 4'='1^^^4. 7l44Mj<ill7-i 444 teos 

^ 4^^^ -ti^jolS-^ ^1-^ ^4.?. RF 13.56MHz ^4^)«1 5-^5l4, # 

42:47> ^-^^JL, 200-500 • C 4* -SrS. 4^2^-6^7{|:fe 250-400 " C -ft-SS. ^^"^l ^§'^^14. -*4 ^^]<^<^ 
^6]/,] oj.^ o. 4Pjj o] j7, -a^^ 120W olt^, 4^ -grS^ 350 ° C 51 •*i^^€4. 

fiiCB)*: ^13^4 «J-S^o]4. 4 ^-f t-S ^^4 4^AS 4-8-42, ^ 4-8: iPa 'it^^s. 100% t^?]^^ 

=i:4t1«<]4<i -^-^€4. :2.'^^ ^il^-Sr 350W 4:il, 4^- -SrH-fe 200 cs. -^^^^4. 

*8-^(3)-& ECR-cvD ^i^^]JL, -tl:±4 iii€€:(SiH4)4 €a 4^1^-^ 4i«4. 1-4, N 2 0, no ^ NO 2 
4 ^-a- -tm**- ifl-Moll 4-8-4"ia4. 4 4^^ 7>^f^4 400W 4 44a 
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4-§-, 4 1 sii <im ^^^11- 4-8-*H N 2 0 xfl7io)]Ai <i^5i.7]. m^.^. ^ 1 so^i i^i^ ^^^^^ ^ ^_ 
Aicflo]) o]^^ <gAi;q -a^^i-fe ^»i(ioi), oi;=a<^ a.-^-^^ <flBi ^»i(io2). <asi?4 

•^l^i il^^ir i^l '3^1(103)2^. '^^<1(110)7|- ^3tt1(109)# x^Jl-si-^l. n ^-^^ ^^^1(110) 

i ^5)1 a* ^tJl A>o]611 7liS(lll)o] 01^^14. Z^^C]^ if. ^Alo^]d)] sJc^Ai, -Sl-q-S^ 7]^<5] ^ 

m, ^mov^ 7i:^io5)i- 7}-^^?] ^^-<^ ^^]^ ^^7]^^vmoA)^ ^^o], %m 

01) m<^^ -^^S] ^^(106)ol ■&- -a^l'fl'fl^i ^Sl ^-a- 'i^-a-feercury) ^5(246nm ^ 1 

^Ki-ar fulfil s)^-6]) ^.i^lslT;]^]-, ^^la^iil ifl^oii ^^it ^:si jjirf. 

n^, N 2 0 7l;^lir 7]i^ ^-bT A]i^(107)^ f-SB ^WldODS SS^J^aL, <y-^-^l tfl7l^o.S. -^.^^^ 

100% N 2 0 'fl7HAl ;^sl:g-.go] 'g^lBl7l- -§^€^1-. ^-"-loll. t^Hel 350-600 " 

C %\^. m l-oj. 500 » C ^ ^^^Sin. t^el ^]-?}:^ 30 6 o]x^, .1 Iroj 

•^j-7lsj- ^-fr ^^21* ^«3i& <^l^<fl, 71^^ ^j-^KllO)oIl ^Bl(i09)S. 

^ ^>^^] ^.^B]fe ^1-71 ^gf] ^.^ilo], a N 2 0 t|)7H-*l 900 • C H^H^IS- -gig^hci^ ^«>i^1 

^4^^^- J:47l-500° C ■g-^^tf. 

4^. <>l-§-4 t^^l ^^5l€ ^is.^ 2 ^} ^^(SIMS) 4. -gel-S- ^^^ifliA], s.*| ^j-ofl 7] 

€-€ ^J-^(l), (TEOS » <^1-8-Ta- CVD ^o^^)-§- ^l-g-^l-^l -tist-Hj-oDA), ^izj^Bj-^sj ;3;qioD/i<i 

^4i(c)^ol ^^±njL. ^o] #7>5isife^l-S- ^<^^ :i4& «l-8-«^«^ **1€4. 

4i(i-D7> ^i-4isiy-b41- ^?lt4. 4-%°!. «j-'S(2)(i!i4^ ^'J-^) ^S-^(3)(ECR-c\i) «^^a)t- 4 
e1^r-^]:444 ^.^IS/^.^!^ -tl:*^ ^.^ :^£7l- ^7}-:^^fexl# ^-3^711 •^^1t>4. ns> ^^-g-^ 

-3-7] 7l#^ Bj-igd x));^! 3)-a- 4-§-«)-<=^ ^A^€ -^4^ <i^4''1 4^ N20 A]'^<^ i± 'fl4«*il4 •f-'St^ ^- 
J£ 3-.3^o(| ;^ 1 5:01) s.x\^ ^*H4 "fll. ^di, ^ ^5.«fl-H4 S!^^ ?i-#44 ^fe4 

n 5000A ^-^m ^^"1t§-(1 % ^ Si iEfe 0.1-0.3 f-^ % Sc « 3F.-t)4^ ^4El«j "J-^oil ^ 

Aj^ji. 7)lols ^^(706)^ ^^j*1-7) 4^fl '>11^J44. 9m. 7m^ <3-3iMoi-s. 5f 7PH s. 1-3% 

ol|if ^ ^2].f- .g-oflo)] -i-^g^i, >i]-^ oI|4,H<i] ^-'^n]^ 7llo]E A>^a).a] oj:^ x)-^7]. 

u ^^-b ^7] ji^ ^?j-<H]Ai 120V44 ^U* -^^Aj^lai, 1 -^--jl IX ^i=|l.g. -frx^]t|-c^ €:S.^4. 
1500 A •^14^-8: ^J-7)4 "S-^JS-a «ilj€4. 

^7) ol3j:60, n|.i.asi4 7\]o]3. -^-^(706)^ 4^1-^1-?- ol^iF.^ 'g-'S'^l 4^ ^^-iiifl 'aele(704).i!. 

l-^l-Col ^-f<Hl ^)o] ^^€4. -8-4 ^-fi Si-^l^, -^-^ "34^ 1 X 10 14 - 5 X 10 15 ^7\/cm 2 01.11 7>^ 
^^0-^ 10-90KV il- Irol. £^ 1 X 10 is ^7\/cm 2 Jl. 7}^ 80KV S. -i^€4. N 

1-4-1- '^^(707)'a: -9-4 «4^'^i ^'a€4(^ 7C £). 
4^<*1. '^^(707)4 «-^j4feKrF «l!44 m^iUSnm^^. 20m £ 

4. ^l-^l^^^l -^^4 ^iF-fe 200-400mJ/cm 2 . 4'y-4^>llfe 250-300inJ/cm 2 o]rf. >*7l ^^^^'^^H 

4-§-, 4000 ^ -^^^1^ ^.s^^ '9-44-a- t^.4 (708)* €42:4 cvd m}-^^ l-gfl ^^4a4Wl 7D^) 
4^ €-34(708) ^ 7l]4s €^4(705)'g: «11*J4aL. di^i/iLEfl?! ^^^o] •^'^'€4. ^44.2.s. :£^s^\^■^ 
•S^-fr t-f-4¥4''l ^^94^1, 4217} -^^44, 4i>:ys.i4)oi :^i.^(708)*l ^'^4^1, n-^^B^^ TFr 7|- 
^s€4. 

^7l -€^HH 4 ^ 4 TFr 4 v. j^fe- 3| 7}^t)-. 

^J-71 TFT ^^j-Sr 7ilo]E ^oiB]-^ §44^ nJ-^ (Ih'S (1-3)?^ olir 44]^ ^0144-^ ^-f i Xl^l -S-H 
Tll^ls ^l<a4* ^.42^ «^?3[N 2 0 ^7]/7^si]:%-><] ig.4/ o c/3 ^um?] ?l^'5f^ 'N 2 0 tij7Vs 
a4t) ff-fe, N 2 44/NO 44^^ 1J-4/500 " c/3 4^(^9-4 a^l-Sr 'n 2 ifl4'5. a 4%)]-& «>ei|ai 

a44 ^4^3 \!444. ';J-7l "?3c>]^ TFT HBIIo] ^^o] + S. ^^jsq H, TflolS -lyv oH^i + 17V 

44 ^44'^, ^ J^i^tl 4-^^ #=^€4. ^ ^^-S- 10 ?! '^lf-44^4. 10 ^•5>1 ^^4^^ ^o]-?! 44 & 

4 oItS-SKu 10)^^71 ^^^oflA^ <gol^ ^.7f| 2:40] o)4i3)2Sli, n 3t[l-(p 10 /p o)^ii-4#^4 

^4^4. =L •a<^M ^4fe 4'ili4 i£.«ll J£.A]s|oi ^cKn iL^t4 4<>14i 4^H7> 44^1l4) 



-8- 



gs^si 10-0313385 









A-1 


No.l (TO)S ^ ^2^-^^> CVD) 


N2O to 7] 


3.5% 


A-2 


No.l (TEOS ^ ^^a^^} CVD) 




50.6% 


B-1 


No.l (^151^ 






B-2 


No.l ^ifl) 




12.5% 


C-1 


No.l CECR-CVD ^}^) 


N2O 1^7] 


0.8% 


C-2 


no A (ECR-CVD 




21.6% 



-a-;'] s.^ ^ ^^''j^ N 2 0 'fl>'ioii^<i ^^jij^i- ^=.^1-1: a.?!] 

•g- -^•^I'^liAi TFTfe PVD Efe CVD ^^^-i: "l^tl-c^ g^H]^ ^t^^ ^■^^^] 7\\'>]3. t'^^'^ ^]-%- 

^l5'ljLl, t±^^7}^Mt^^ 7l?lfttf. 

^ -M^I^Hfe TEOS # l-2)-.S:^> CVD "S-^^ ^gfl ^.cl^Tiv.^oll ^--i^ -tJc)^ -a^^^-^l ^11 2 S. 

oil 5i^l€ t^l^l ^J-^1-S- 4**M ^^lel^l^ & >^Mi^. ^ ^Alcflofi o]^^ ^-Sl-THl-e- ^J-tft 1 ^^l^ofl 

B 5. %S:). 

2£«=11 SLAljg -g-^Alo^loJI 0]^^ ^^.X]^:. 1 ^Alc^lo)] SlAl^ 7l^*jul4 cfsn^ , ^ 

ofl 5ti<^^ife t^Bl* 'T^'^ "S^S. ^^^3L, t^^S] A]ES ^Alofl ;i]e)^_ ^ Jjlij Hfl^Kbatch) Alii^f* .^^1* 
ft4. 

4i -iAl^floi] ojol Ai, ^Bl(201)fe *S^ol5i. 7)^ (203)°! ifl^ ^^Hi -i^l^lif.^ XI cf. cRo], y-]^ (20 
3)^ ^»1(201)S! ^-^li «lE|(202)i fil^il ^i«l5]€ :Eft, -^^71 4«21^ ^■Q(204)'8r ^M^j-^ 

7i^a- ^^«i-7fl 'S-'^ igHi(2oi)^ f'^i -g-^AicfloflAi ^?ii?„^fe ;^«a- 

^H(246nm 9} 185nm 4'9-)7|- ■=! 8 
aft, t-«ll«f7l ^ft 8i|7l Alit^(206) ?! 71^^11- £^8^7l ^Ift 7l^ Al>i^(205)4?r ^iHi 

«i-8-ft ^'a-a: 4^-^ -a^gft^. 

-f ^i, 71:^(203)^ -^s^m ^^(204)^ i^^fe S. ^Bl(201)^ ifl^ ^j^J^i^. n-t-, N 2 ^l^l^ 7] 

06)-£--i-tl] Bi]t-s)ul, a 5J»li.floi]A^ <a^^iAS. -g^ft '3-^0] 

t^-g- <q vflJf^ N 2 S ^mft 0):^ <H), 711^1 ji, 7|-sq^ »&A>7V ^«HaT^. -g-Altfil, ^ ^el^. 300- 700 

• C Jl. i» 500 C S. Tf^€ 7l?hi: 7Hft o]:f oj], N 2 N 2 0 S ^jf-Sj 7^Si\ 

'8-A}7l- ^Ajoii, a ^^el 7l?!:£- 30 l-^-M 6 m^^^. «fl-S 1-<H. :3l <^7^e\ 4 

^7i o}^^ ^)B]^ €11^-^ €^1^ -it^B]-^ 2 s-^usiMs)* ^}^^<^ ^^^^o] ^. 

^^n, 4*1, €5j;^B}-4!ii ;3?iioi|^ ^dtiq ^^o] ^fe?'!^ «%ftti).. 

^ -i^Hife TEOS « 4-8-^"^ CVD ^e]^ -a^^^-^l 3 s-fl 

'g^Bl ^J-^^ll- 4-8-3f<^ ^.^^le) ^t- ft <^l<^li^. ^ -^.Ali<»||Ai ol-g-^fe -^Bl^ -tVi^^-a: ^.'Sft ;*f| 1 
'^^] -tb-^sl-(705)Wl 7B S. •g-3^-)<iil vfl«l| wj-'^d)* ''l-S-*)-^ ^^^4. 

3£i £.^1^. :b. ^AjojloflX) o]j^^ ^^b) €15S|-fe f,Bl(301), ^^^l^l <'l^<fl 7]^^ 

JS-^fSl-fe f H(302). ^*|el ^]-^-o^ JL-^*}^ c^l«l ^ti1(303)4 '9-^l(306 ^ 307)7> 

^»K304 305)^ -7 Aj2jo1, ^>;S](306 ^. 307)ol| P^se -•"'l- ^1*1 Aj-oH 7l:e:(308 ^ 309)6] o]^3£|5LS. 

7> ^aflolo^oi) P^sfl :5^A]o|| 7l:6:-i- o] ^^fA] 7j 4 :§.a]o11 -S^^lfe Bpl 5^ ^x^, 

*JB1(301)51 ^35:-^ ^ 4A £ ^ 4B :£o|| £a]:^o1 jit).. c|:^-^^*:Oi ^ "Irl-o]:?! ,g!-^o]'^(401)b 7]^o-| 
'='W^^ ^"?> ^^E^ € ^Hl(301)tfli 4^1€i:}. 2ft, 71^(402)^ 7>'itl-7l *|e](406, 407. 408) 

"^101(401) o}e)lofl ^.^1^4. zi t]^^ 3 7^ Aj-citg. <g« o.^ ^-^§51^1^1, ^. 7l3a-sl ^J£7l- Aj-^*}^ 
. (406), ^'Sft^rSS. 7>^i!fe ^l-(407) ^ ^Szl- -f (408)5^ T^'S-^^. 'S'Sft ^rlLa 7l-tSlfe ^no] 
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-f-^* ^=11 ^sl-a ^€(409)71- ^^]€4. ^^M'^ Sa^'^. ^^-^ f S(246nm 5J 18 

5nm ^•'g- 4^^)7> ol-§-^_4. 

Hfl#K^-7l ^-i- 8fl7l Al>-^(413 ^ 413)Jjl-, --S-^TS^y] -/Is^ ^1^^(409. 410 411) 

^ 1!tH(30iH "^M^. ^ ^A"^]"^ Sl<=>1^i ^r^^ 4.n^<^ Sl7l n^<^, N 2 tll7li- 

7l«-°1 y}t -^-^(403 ^ 405)'^1 N 2 0 cfl?]^ -a^Jli -Sriiiii 7lJ8-o1 7l-<i4al. ;^>Sl^g-ai>- 

S. ^^(404)i -^.^^€4 4^°1, T^D^l -^1-^-^(412 ^ 413)'e: S-gJ^fe 7]jqll- Bfll-Tjl-?] ^'^I- nl- a). 

oi^i ^^1^ e^^oji ^^<i^r|. 2^2^^ 7]m ^^i ^p] ^1^^(412 ^ 413)^1 -m^^is. ^t^i 

-S- -i^lc^iH ^e) 7l^i-g- ^i^jB?|-7l Jf- <41i3i igu14 ^14€ 7]^-g- --i^i^y] igu^?} 

-a^t "^l ^ 7]?Vol ;<J^) sio] Bpi t sj7lon, -^-4 3.^-1- f'7M^jr|.. 

n 7143-^- ■^^i^'^ ^J-*l(306)'^l slSIl ^«i^.(304)-?.S ^l^slil, ci^o], ^.^ieji- f Bl(301)i?- °]*4<H, ^-^ 

o]o]Uor)'^M ^^]-^4. 

^^H. 7l?K402)'fe- ea»1ol<H(401)-^^°ll S-f (row)S «fl'i€4. 

a^, ^-^^S. o]W^^ y]^4. §«11ol<^ (401)0)1 41- 7]*7]fe 4C £i i£.A)4<H ^cf. ^a-i, 7133:^ 
7}^ <a!^(403)iAi 5-30 ° C/min, "^1- -l-o^ 10 " C/min P-l ^3£S. 7)-^^4 -^AjoU, 7lJqi -^^ a)>,i^(409)6.s 
•?-Ej N 2 7> SfJS):;!, N , tf)7lollAi 7}^o] 

14^.5.5".. -Sri?.iil 7><asl-^ <as^Aa 7l^ol ol^^^r}.. n ^^Bjfe ^»<iloH* .g:^^^ ^sq^ jg..^o. 

s^B] 7^•5^^-^l 7i:a-oi wj.a>s^x^a^ •ti«ji€4. 

^ 7]^ -8-£lt 500-600 " C, -=^11 1-^. 550 ° CS. . 

7ls)l Ali^(410)^^El N 2 0 7]m '^^^o]. N 2 0 ifl7l7> ;H]^€4. '§^(404)^Ai 20 

7p] ^^'i ^ ^4. a^. -3-71 'gsj^ ^ 7i^oji tflsfl ^lAslfe a]:?!. ^ 7]^^ 

^7] «j-i8^jiL -g^^sll- ^^-^ 014:6)1, ^7] 7]^^ <^«(405)<^A1 250 ° CS. ^zl-^4. ^^li. ^4 ^ 
i^fe 7l 'iii}|4 Bl.^7>:^1S. 5-30 " C/min. il- -i-<^, 10 " C/min -^^€4. ^Ajoll, 71^^] -^^ a1^, 

•a o.5l-f &| N2 7} }£<&s\3., N2 tfl7l7> ;*H^€4. 

4*J?-S.. l^'l^^ 71%^ ^-'1(307)611 3]^ -^^ ^tH(305)-S. olf-siji, n^sfl, n /]%^ ^^liq o]^oi] 7] 
^■i- :a.-fi-ai-^T ^]^] ^Bl(303)M)4 ?MSoii ^^sm. 7ia@-^ei ^^o] ^aS4. 

4s)^ 01-8-4 N 2 O til7HAi ^iH4-t:- ^7l4 i^J^ai, -^-ah ;h1 i ^^]<^]^ SL^l^l 

^1-4^1 7]?!-g- *14-i5l-fe^l dtAslfe Ai^v^. 4 AUi^]!^, ^i. ^Al<^l<vil ;g-ii]7> -^l-g-^g n}| e^: ^ 

€- ^^^-^z ^7] 7]^^ ^M°.s. mm. 

4. -^7]^ N20 cfl7loiiAi 900 " C -g-£5. ^^^4* 'T^-^^ ^-8: ^4 3:4<='14. 
^1 4 -i^lofl 

€■ ^A]<^i.v. ^asAl TEOS A}4«r|--v. ^e1..^p> cvi) 'S'^o)! 48fl •€4^4-^'-'^ ^i^4°1 ^1 5 £ 

oil "S^14 ^j-^1* 4-8-«1-'^ ^-^45lfe i<»14. ^- ^.'^I'^l'^l °l-8-5lfe €4^ -Jm4^ -^'^^ ^ i 4^]^^^ 

^r!]^ Al.^^(705)(7fl 7B -V. #.^)0l| t|l«|] «j-'g(l)^ A>4^0^ -^^^3^4. 

5 5LAm ^•*1^. ^ -aA]<4|o)lA-l oj^^ 7^?;lfe «^14# ^«1(501), ^^14 o]^"!! 7m-^ 

-^Iti) ^Hl(502). ^i*14 ^l^i 71^* SL-B-Sl-fe 0^14 ^4(505)4 =r*^^*l(505)7> '4^^ ^4(50 
4)5. ^^£l<^, a 'T-* ^^^*;l(505)6i alSil nl: 4<^H 7l^ (506)ol c-l-^.^t;:.^. s]**) jj^cf. c^^ol, ^ ^AHoj) 
Xl<H>^i, 154(501)^ bB*1 ^Efla sjoi jjn, ^.^e]* ^.is«l-7l 4^ ^4fe :i ^^=s\7} m-S^7] 154fe :i 
^^el7> ^iJ||o)oi6|] s]^ :^Aiofl 4^£i 7^^ '>1¥4^J4 €^€4. 

^4(501)-*-l ifl^ ^ 6A £ ^ ^ 6B £i £Al£)ol ^t)-. ^^AS. ^"^oHCSODfe 7m( 

602)^ ^J-4^71 ^4(50i)4i ^.^1€4. ffit, 7]^* 7><i«)-7l 4t!: 44(603)^ ei*ll4ol(60i) ^ 
^1€4. at!-, aH^i s^^(604)-g- ^xil«H(60i)A^<^ ^^1€4. 

at, 7)^1 -g-^ 4--i:^^!(605)^-, 71:^0] 7}^. ^4^. ^ N2 47l* ^-^ ^3., 7]^o] «Jj>g^-$-£iL 7>^^ tij N 

2 0 471* ^-?47l 4^ ^4(50i)4«ll ^^]m. 4-5V4, «1l7l 4ii^^(606)-ar £^4fe 7l.^il|-i- »*fl§^7i 4«ii >i 
^^144. 

St. 44^^1-2^ 7)39^ 'y-^^-^ 4«fl ^€(605)7> ^^1€4. -er •^^^^'fl^ ^-^-a 4<a- -^^r ^= (2 

46nm ^ 185nm 1 4) 4^J-)7> <^l-€-44. 

a ^4 ^^^--S: 42floll -^^€4. 4^4 s^el *v>4 4^4 7M-8- s-M^xfl^ll -§^4^1. «flBi ^4(502)«'l| ^ 
;^44. =LS. '^^'^ ^J-4(505)i 4-8fl ^4(504)s oW^JL. 4^<^1, 144* 4t 194(50i)s oWs]<^ 
. ■E»'il«'lo](60i)'*i 44-4711 44. -i-^*^, 71^(602)^ e»ll«14(40i)'a-^ 4*401, =i ^^4 20 7i| 4 
^01 ip7flfil s-foii Bfl ^^i*>7ll 44. 

'§4<i| ^-ft 4^<>il 44 ^4-4fe 'S-M-fr ''fl 6C ^^^ii\o] xi4. ^i^a^: 3-30 " c/min, 'fli- 14 10 ' c/ 
min 4 7>g4ja, ^ '^'s-^?^ m. -i-^ol), 4^ ^ Al-ii^(605)6.S-^4 N , 7> £<a4 j1. 

N 2 44«fl4 7l-'i4 ^.^44. 
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'^^^^7} ^^^fe ^-ff.7> JF.'g-^ 1^, ^ISl^^ti^- e«il°l<^ '^<^-?-<^ ^^(605)i?-jf.-?-El '^A}^ 

4. :i ^SLfe 500-600 " C, il- 1-<>1, 550 » C S. ^Mt^. -^-^H. 7ljqi Ali^(605)AS^E| N g 0 
7l^]7> -I-^iJlfeEll, «^s!7> ^^s^fe ^E7> «>S ^oil -iF-g-slJl, >S:*1el7V -S'Sslfe -a:£7> nil, 

^UM- 30^<^^] 6 a];;>^7>;j:1; 6)]^ f-ol, 4 ^^^,t:^. 

-*7| "S-^ 'g;*1x!ll- o|:?--6fl, -^^7] 7]:^.^ ^Z-l" <^ ^(405H-^i 250 ° C ^iS^Mt^. a '•S^ ^ 

St: 1414 ">^7MS. 5-30 ° C/min. il- Ir^l, 10 ° C/min ^S. ^^€^1-. i^J^o]. ^a].*!], 7]^ -g-^ a] 

:i^(605)-«>-i?-^iH N 2 7> JE'aslil, N 2 ^^VA ^1|^€4. 

4-§-i . 7]^^- '8-t-^<)-^^l(505)i slSil *JU1(504)S. n^ofl, .1 7l:&^ ^^H^l ^l^^fl 7l:& 

4-:a-f|-«l-te- •=41«1 ^wl(503Hs1 ?}M]s.<^ -i^^slji, 7133- 

0 ^yH■^^ 900 ° c ^-sis. ^J^^*^ ^.-8: ^4 ^'g^ ^±'4 ^.^^ -JWe.'-'fl ^t^-^ t 5a4. 

^ ^A]ol]ij ^S-SA-^ £ir^^(SiH 4 ) ^ 71^1 (0 2 )» 4-§-#^ ^"9- CVD «j-^o1) ^2154^011 

€ ^.5]^ ^^44'^l ^1 2 Sl<^1 iA]^ t^El'J^l-l A)-4-jsi-c^ <^lo14. ^ ^^1^]<H1 '^l-8-€ 1^4e 

^ -^^i ^4M1fil O.l-lOTorr o]^^. 300- 500 " C 7133- l-o^, 406 » C 71:^: 

« l.STorr m '^^^ ^^€4. 

4s1<a ^^(204)* l-e14fe "S-^ %v] (201)51 ifl^ 7l^(203)°l -§^€4 7l^«l) Aj^.. 

^U1(201H N 2 71^^71- £<a s\o], n ^13^5] xfl-f ifeN 2 S*l«€4. *a)o11, BII7I a]^^(206)^ 
-A^y} 8l]t2l<H, ^H^vHd] <a^aj fi^^l^t:!. 

4^. m^* N 2 ^ "^l^i. 7l-^4<^ 45^-9 ^4«- 'a^12-4. ^l"?!. 7]^ ^5L^ 300- 700 

° cai^l, il-l:°1,500'' C.S.'^^j€4. 

7l3a:-a- Tf-^€ -SrSS 7V^.V> ol^<fl. N 2 -c:- N 2 0 S ifl5;14<H. 4sl^'H(246nm ^ 185nm ^aJ i^?c|.).g- cl^g}. 
^ «M7> ^.^^4. oM. 7l;?V^ 30^?-iAl 6 n -g^elfe ^^11- l-^H, 3 a1,-<]: ^<i> ^^^^4. 

^^■f ^ ^lEll- ^^4<^ -Sil-^^r 2 ol-a- €^ S-^(SIMS)-i- ^l-g-«|<^ S-^sln. 2:4 £j ^3]e <.V^ 

i!Lt^ olA^iLS. ^ai^o] ^7].j^5a^^l^ sSr^^jl, ^el54^ ^TiliAl ^^6] S^fe^l- € 

>ll 6^Al<4) 

^ -gAle^l-V. -g-E].Z:P]- CVD & ''l-S-^i^'^ ^51^ -^^^-^-l NH 3 fll7liAl ^ii^Bl^ ^-A]6j| ^Sj^f ^ 

«J-A>5]fyl ^_-4^JL, 7ll«^lM ^.°34AiS.A^ ^711: «1^*f<^ l<-^m TFf 7> ^-^^^^ <^M4. ^- -^AHl^ilAi 

TFT -^Jg^ 7 Si S-Alsjo) s;iO.«|, .^7! ^2^5 -^-^^^ ^4 ^b1<=^1 «l-8-4fe ^t) 1 

4-^, €4e ^3)-4(702) I'D^l^ife 7l:§(701)'8-iA^ CVD ^}^^<^ 3000A -f-^s <§^€4. n 

^. 14^4 CVD A}^^oi 500A ^ ^1-?. ^e1^4«1 ^-^J€4. :2 ^-l-^-, N ^yM^=\ '^^^y} -a 

n^jL, =L €5l^4€r l^sl-^4. i# 1-<H i^«4 ^-S- 4^^ "i^^^ ^^4*#-5lAl7lfe ^d^s? E 

i^jojiii ^^ft -?-Ali ^E]es] S^g^-i- -*-;ilA]?i7l ^g|] ^-7l-t f Si4. 

2^^. «^4-I- 'f'7>Ai?i7l olH^ ;*]47] °H € mm 7A H). 

4^, 'a5l^4(703)€:'fl^^o], ^<^^ (704H ^>a€4.>})-7l <8^(704)^TFT4 

4. lOOOA ^iv]^ 'il-^4(705)'8- ^--^ 7llo]H j?. ^^^cf. ^Alojlol) sJo]/^. -ge]^ 

^44^ 4?flo)] ^]^^ 3 7llfil Aj-ol^ i§.^(i_3)^ 01*4°^ All2:€4(^] 7B S). 

^<>lAi, ^aSAi TEOS 1: <^l-§-4'=^ -i-4a4 CVD w<}'SA5. 4''1 ^^^€4. 7l47HolI>«.^ 7]-^^ teos 
^ AVitfc 44tfl: l-^]olS^ ^^-g- ^^S. RF ^^(^^l: 1-<H. 13.56MHz ^-4^-)ol JH'^Sl'^. # 

4^47} ^-^^ Ja.. 200-500 " C 7]^ ^S., 4'g-3!4;^lfe- 250-400 *• C &SLS. -^-^^4. ^7] -gAH<sJ 

Xl'H'*! ^-S- 4Pa ^l-T-. ^^ 120W olr^. 7]:^^?.^ 350 " C J?- ^^^4 

'8-^(2)^ '&^<^14. ^1 ^-f ^^i 4^-°s -^l-g-sls, ^ 4^ iPa -a-^l^s. ioo%^i tfl7ioDA-i 
^^^^4-=^ «gAj^4_ ri ^.^€r 35owol:a, 71:^: ^j^^ 200 C5l ^^^3^4. 

^^•8(3)^ ECR-C\T» ^^^oIjI, -^4:4 iii^^CSiH 4 )<>] ^S. 4^S..Ai o]^^x:).. =-0^, >>j q. NO ^ NO 
2 4 'tlJ^l-'g: ^}3. ifl^fcH <'lf4Sa4. S^. f-AH ^ S:^^ 7l^^ 7>^.4^ ^al 400W ^ 4«1 

3S4 ^^"^^ (2.45MHz ^4^)'-'>)4. 

4-g-. >«fl 1 .'?.'>ll v.Al^ ^sl^ ^j-sj-i- A}-8.rH NI-I 0 t»l7lolU1 ^p^el7> ^ii44. ^1 1 v.oii t^ia]^ :aj*iig ^ 
Al<^]i <^l-8^ ^^e] ^3-4^ ^4«^1- ^-^4^ ^wiaoi), ^^e| «]^oii 7]^ J^.-fr4fe ^«1(102). 'i^^e) 
"l^i 7Mir 3L-fr4fe 'fly] *,5«1(103)4, 'r'S^^J-^K 110)7} /«jl-?;-4 ^4(109)* ^«1431, II ^J-^<1(110) 
ofl -<i]«il .-Z-i- A}olol| 71^(111)01 ol^^4. el^ol. ^Alc^lolj xlolAl. -Sj-X+fil -fi^lolEyl- ^ ^]^o\l^.] ^ 

^te4^ -feJl-^lE^ Ai^,f,oi ^aldoDofl 01^^.4. 

at. ^BldODfe 71^(105)^ 71-^471 -M^^a ^-fe 71^ *cKio4)* ^v^4. Dl^ol, ^Hl (1 

01) fil^of]^ 4-<2)^ ^€(106)01 ^^l5)ol SJ4. ^ ^AlojloflA-l 4filAj sj.^o.s. ;q<^ ^-g.(inercurv) 15=(246nm 
I85mii 4^)71- ■»l-8-Aa4. 4^^-51 ■^■€(106)<»1 154(101)4 -^-^-fe *il# •4l'^4 ■t-e: 44^j-t» 
■§■ ^-M: ^ Sfe ;»l)s.fi) €£-f7> ^>asloi 5371 trU-g-ofl, -8-4 44^-!^^ ^ ^14. t-i^-^l, ^ ^a] 

■^^ $a<H4, 44 154^ 4^^ '§*14^^. 4^i^ ^.4€ ^ Si4. 
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m^]. 7]m m-^^] «fl7i Ai>:ia(io8) ^ 71^11. 5.^^71 m 7]^ ^-g- ^i^-'S(io7)-£- mm 1? ^ 

^f^^i^S. 100% NH 3 :^s\=%'&o] 15-44 t'^l "^^^7} €^€4. t^el -g-^fe 350-600 ° 

c <>im iroi, 500 • c 5. ff-^. -i^iBi ^i^-a- so <^]^] e -^i^^h oi^^, j^i^^si^, ^jis i-oi 3 

^^714 ^,si. <^^^^ ^ii^Hj: o]^6^^ 7]:^^ t-t-^^^KllOH ^ofl ^'S ^ul(109)S. <»1-^-5lal. 

=1^. y^o] t^^^sl ^^<H1 Ji-^sl-v- ^ga1(103)4 ?MSiiL ^g^^lt^. ^^^^ 7]%£i\ -^^5] -g-^g^l ^^L^c}-. a 

"i-^s] ^^elfe -^^-71 A^ofl ^.«SsH. 3. ^iJl-.?.'*!. NH 3 tfl7H>l flOO » C <&^^M^ ^^^<A <^o1^ 
^4-^<g^ j:a-i)-7>500° C ^01^4. 

4€-, 451^^15) t^^l "i^*1e]*i 4s.^ 2 -^1^- ^.^ S-^(slms) 4. ^.^^ '^M4>flol]4, -S-^fl 4 
'S-'S(i), (TEOS # -l-Bl-sw} cvD ^J-'S)-!- <^1*4'^ ^■2^4°)14, ^21^444 ^iAM^] 

€4i(C)^<^l 7„i-iSiJi, ^.itCN)4 ^"^l 'f'7>5|afe?;ll- ^?lgl-<^ 14» <>1-S•a^^<^ «-^?l4. s.^, 13-13(2)( 
^-461 'S->g) ^ *'g(3)(ECR-cvD ig^)^ €4e -as^^4ii.£ii -8-71^ ^Hsj-Tfl ttl ©'^^■l- 

^^•=^&l4. 

7l#ia- 'S-^SCi ifl^i 3)-a- 4-§-«l-'=^ ^^4 ^2]^ 42* 4s{l NH 3 ^db tfl4i4 ^l- 

s if-.:a«|-i ^1 1 -v.<^ £^14 <3-4°114 75-3?.^ ^4fe €€sl4 ^^4. 

4€-°11. 5000A ^^T^I^Cl-?-^^ %2l Si 3E^- 0.1-0.3 ^f-^ % Sc -1 .?.15-)4-a- ^^^^ 'i^'M 4«11 1!^^4 
It, Tiloliii ^.^(706)* ^^471 i^44. tlSfl. <^^JiLi-l oVjs. ^ 7PH JiL 1-3% ^4-i'>2l 

ofl^^l-e^-t ^■5«o|i i-<2i)ai, 4^ •7lldtH.4 "IlrfcH.^^ tf-^lTT ^fl^jiE ^^-g- 4*44 "S^^ -^47} ^«g44. 
n <8=^ -3:4^ 2:4 I'-^i ^nT-i4 120V44 ^^J-* '*'5'44:a. 1 4^: --ri 'S^* -^444 4^S4. 
1500 A •T^il-'H "(^--t -tl-41-^ ^44 «<3-'aJ?-5L ^'S-axq-. 

^4 '>W<^. 4^3S.4 7flo]E ;a^(706)^ ol-8-4<^, 44-^1^ 'a-^'fl 4«il ^d-^Bfl -ael&(704)s 

S<L-I(4 <fl "J])^! ^-<a44. -8-4 ^-f i $!i44, 'i4 c: l x lO - 5 x lO is ^^]/cm 2 o]^. 7Kr 
^.^J-^ 10-90KV ^li^l. 'II- 1-<^, £^ '^4fe 1 X 10 IS •$!4/cm 2 -^iJl, 7>?Sf ^.-a-^- 80KV S ■^'8^4. ^4 N 

'g«l(707)'& ^i^H 7C £). 

cH^o1, £3§^ .1.^-1- <^c^(707)fi) ^^^^r. KrF ^4^^ 4o1^(248nm A^, 20m2,^^ ^-)S. ^m^"^ €^4 
c}. a i^l^Hs] aj^ti oflulTcl 200-400mJ/cm 2 , 4^3]^;^^ 250-300mJ/cm 2 0)4. ^7] 

iz^'iil 4«tl '^s. si4. 

4«-, 4000A ^e1^ ^44^ 4^ €^4 (708)* €42=4 CVD «j-'a* ^'^5)514(^1 7D 3E.). 

^"34(708) ^ ^'a4(705)^r <^^i^JL. ^a^i-^l -^^44. *4^^s., ^iisi^^ 

"j"?}* l-8fi S-? '^ll-4°l ^■^^ Ji, 4<a ^«17> ^^4°i. ^^(708)ol ^^j4i, N->iM^ TFT 7> 

4^44. 

^7| -yAiofloj].*:] TFT4 5i7>4a4. 

-^4 TFT>«11^£ ^^J^r 401:^- ^^4* ^44fe 4^[4« (l-3)# oli:^^ 4^ J* ;^fli>l^aL 5L€ ^^ofl $io] ^ 

^4^. 40IM ^^4^ 1^14 ^'^[NH 3 tfl4/4sl=t-a 44/ 500 ' c/3 ^l7j(Aj-7] ^.ig^ .^h 3 ^7]' 

iL44) SI -fe, N 2 tfl4/4fi]^M 44/500 " C/3 ^14(44 "d^4 ^4-8: 'N 2 ^fl^l's. 5144)]* 
S44 ^^'-^ 4444. 47] "g-^^ TFT hsi1'?1 + uv s ^.'gi^Ji, Tfloliii -m ^^14 + 17V 
44 S144'^, a £:4?1 %^44. ol 10 4 "l^^^l^^l. 10 4*11 ^-f i #^^4^ '^44 44 3: 
4 lO)-te ^4 ^^^H -a-H^ 44 :£4 q )4 424^. ::i 2t[l-(y 10 /p 0 )^ i^4#^4 

^§61^4. a ^<H?] 44c 42fl4 a'^l £'-14'^ Sl4(:i 2t4^4 4'>14:i ^Ws.?}^?}^^ 44'fl4). 
^la 4'8-^ 4^ . "S:*i2l ii4-fr 

A-1 Ko.l (TEOS #4^4 CVD) NHj 44 4.3ft 

A-2 No.l (mS ^ *4a4 CVD) Nj «4|7l 50.6* 
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B-l No.l (.^^^ NHs t|l7l -0.8* 

B-2 No.l C^iiSiEi Nj ^7] 12.5* 

C-1 No.l (EOt-CVD NHs 15171 1.2ft 

C-2 No.l (KX-CVD 'S-ig) N2 21.6* 

^ ^AHofl A^ TFT^ PVD'g-'a Sfe CVD ^g-^* o]^^<^ -^el § "t!:^^"*! A\o]B. ^^^M) ^l-g- 

^4^:^rq.S. oj:^!^ ifl:^^ ^ 7>7;1tj^. -9-^^ TFTfe <ao1^4. ol-frfe ^ifl :g^ail-, 

Si-H § Si-OH It-:-! -g^l-S S- ^'^cill 4el- NH 3 i^i -g^^ 7;^Sil:f i8-a>a. 6\^^5i\- -f-Ajoj] ^ 

€: ^^ifc -"as-j^-^i TEOS Ir °]%^^ ^^.i^^} CVD l}^!: 'g^le'^^'^'l -^5^^ -SS^s^^"! ^1 2 

^.^Bl ^^^l-g- tie "11*14. -a^i"*!! Ol-g-^ ^.B]^ 'JWEl-'a: -^^^t^r ^ 1 ^.^ofl-fl 

o1-§-€ liel? 1 ^^cfl-fl ol-8-€ ^el^ -ib^^(705H U-'aCD-i- 4-8-«|-<^ •'i^«4(''11 7 

;*il 2 £i S-^l^ :5i^^, -Sr ^^I'^H •=>1^-€ t^^l ^J-^l-b ^1 6 ^^l^iiloll s.^]^ le^l^lS. ^al4 t\-3.^, g- 
^a-foil sio^Aife t^ell- '^^^^ ms. .g-AH ^ei^ ^ Bpi ^^m. 

:§,^^.]t^^ ;SBl(201)fe ^^ol"^-. 7m(203)6l v|)^ ^^<>ll -g^^Hlf.^ Sit)-, cl^"*!. 7]^^ ^gB](201) 

^1 m -i^l^ «lEl(202)oI| y}^^ 'T Sl4. BF.-&, -^y] y-}s>]^ ^€(204)'g: ^s^^-ii'^l -V-l- y]%<^ ^ 

^13^(201)31 ^:?H ^*1?14. -S- -i'^li^fl'^i 7>S!l^^^o.5.^=. x]^^^..^ ^H(246nm 
^ 185tim4'S-)7><^l-8-€4-. 

Si^, »11^# ^«S|-7l 41^ Bll7l A]:i,^(206) ^ 71^11- £^-gl-7l 41^ 7lj^l -g-^ Al^i^(205)-8r ^h!*!) ^^^151<H 

S14. 

^7l >3-^l-i- ol^-t^ ^^l<i|1fe 4^ 7m (203)^- 7;>iq<a ^■'a(204)l- 3l^^^: ^^^^S. ^^1(20])^ 

vli^ ^-jjji -M^^^-. --n.^, N 2 7Hfe 71^ -^^ Al.^f .0.5!. ^1-1^1 *flii1(201).& .'£<asl N 2 

s. ^m€4. *^H. 71^1^ Bfl7j Aii^(206)* f-sfl Bflt-slii, :2 ^wl^Bi-H ^^^^s. ^^^^ *^^«1 -^xi^v|. 

4^, ^Hlsl N 2 *1=&^ 7}'^^3.. 7^Si\^iV^/s}7} ^.^^.4. ^4"fl. 71-^. 300-700 

" C S sIjI, S-ol. 500 C S. -g^-!pl4. 

-S-SS 7l:&^ 7>^1i| o]:f oil, N 2 ^ N 2 H 4 S ^ms]3l. ^i^l^^^ «M7> ^^€4. *'^H, 

7RV^- 30 ■I-<^lAi 6 ^UM^] ^^sjfe'^, 'fl* i-'H, a t*l2l 4 A]^ .^.o> ^^^4. 

-8-71 ^Hel* ^.^-^^ *a°l^l ^42ie 2 <»1 ^ ^3= ^^(SMS)* «>l-§-^<^ ^^slu, ^.4i-^<^l 2: 

^. ^Al^ilfe E^-TJI^ A}4a}0i 100% -^ii «1l7lo)lA-1 >i3fi&| l&^a i ^5l^PH AVsj- 

^o] :^ 3 51i <£A]^ <i^2^ ^j-^]!- A>^*^c.^ ^*l2l5)-t- ^ 'fl'^M. ^ €^lii^i ol-8-^-b ^Bl? 'Sil-^^l-'S- 
^ 1 ^^]<^]^ €51^ 'Si^sj-CTOSX^HI 7BS. %^)«iO fllSIl '9-^(2)^l m ^Aj^irf. 

3 £Al^ ;55^^. ;g- -i|AH««Al ol-g.^ ^jsl^ ^.^5l* -^IliiF^r ^131(301). ^^«1 <>l^<fl 7l** 

'^wl *^Bl(302), '^^]^ ol^i 7lJi9^ <4«1 ^sl(303)4 n^"^ ^^^1(306 ^ 307)7> 

^wl(304 ^ 305)S. ^Aj5]ol_ ^ :»j.5;K306 ^ 307)i i^sil ^l" ^^l 4<^H1 7l^fb(308 ^ 309)<»1 olf-sli-^- 
s|oi ^4. cRol, ^- ^Al6i]oj| ^o]A^_ ^^lell- ^^^;^7l ^ti- ^«lfe :3. ^^Iiil7l- ^ Wl ^»)^ -E'HI'^H 
<H1 sl«8 ^■'^H 4^21 7l4j9:4- >i?*lal7> -g^gi^^r «fl*l ^cfl^s. 140] si4. 

^til(301)^ vfl-^ ^a&fe ^ lOAS ^ ^ 10B5L«1| S.^]^o\ Xl4. ^^^J" 'il-'^^ ?tifloH(401)fe 

o] ol-^-=lfc ^--^J t^2l « ^ ^S.-^- «JB1(301)MH ^^il€4. St, 7l3a:(402)-S- 7>-i«i-7l 41^ «1e;1(406, 407.40 
8)fe ^"Sfl^l-^CdOD oV'H'Hl -^^1^4. --ri «le1te 3 71).a) ^o)^ o^oJ o.s. :^.«§slferfl, ^. 7^.0^ ^-£7> •'^'S'-S^fe J?- 
S-(406). <a^t!- -arSS 7ltS|fe ■fS-(407) ^ -f S-(408)o.S •7-'^€4 t-l-S;-ol, ^ ^SLS. 7}^^^ ^rifl 

-^^^ ^Sl-a ^•?)(409)7> >g^l€4. 
^ -a^'^H Sl^l'^'l, ^^-^.S. ^ii-a- ^H(246nm * 185nm ^^J-)7> ol4€4. 

5£t. 7l^«ll-i- Bll%*l-7l «1l7l Al.^.^(4i2 ^ 413)4, 7lsn« ^§-^^7] 4lt 7)31] Al>,^(409. 410 ^ 411) 
■8: ^Sl(301)<>fl ^Al€4. ^ ^4<^li Sl'>l^i, 7l>^| W Al^ifo] 4^611 -g^lJijo-l ^y] i^o)], N 2 ifl7lfe 

71^0] 7l-<i ^ ^4S11- -f-S-(403 S 405)ol| ^^512, NH 3 cll7H- 7}i!l:g-Ai 0.3. tjAyj^TgAi ^^^^ ^^-^^ 7l^ 
•^1 7>^S|fe ^€<404)<fl -^'§^4. ti^<^l. "117) Al^ia(4i2 413)-^: S^sl^ 7H]« Bll^*|-7l 41 & .Til: 

-^H^ ^?il-?-'5?jH<fl -ai*l€4.2l-2^s| «|<^o||Ai 7ls«|i^$^^^;^ nfl?! a] (412 ^ 413)^ -i^^ls^g- 
^«4. 
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^ ^.^HH 5a<=i^i. -^^ t>€ 7ma- ^.>s^r|.7i ?• ^s^^. 71^* mti^?] i«i *^»]7> 

S, 71^^ '^'^ ^j-^'l(306)oll ^Bl(304)Aa «i1-S-J^jL. 4 ^o], ^*i4l- ^t8(301):S. <»l*sio^, 

eiS||o]o1(40i)A^6|l ^Sl4a4. :^Al6|l, 71^402)^: S»<ll<»H(401)'^*fl ^7114 SfS. )SB'i€4. 

^. ^^J o-a olf-slfe 7l4&4. ^«H<'1'H(40l)i 4€- 71*71^: loc s,^ £>-14<>l Sl4. -f-^i, ^]^-Sr 
7}t <^^(403H^i 5-30/miii. it l-<^ 10 " C/min ^'^ ^SS. 7>^^4. f-^H, 7)^11 Aj^^c^Qg) c^s-?-E| 
N 2 4 5.^il:>-i, N 2 tfl^l^'ll'^i 4t°l €^€4. 

=L 7}<i -a-i£^- 500-600 " C, il- Ir'^l, 550 " Cii ^.^J^.4. 

4^1 Aiii?i(4io)j?i-jn.-'-f 4 NH 3 4^14 ^^^-H, nh t^yVA ^1^€4. 4^'=']. <S9^(404)i4 20 
71)4 4«<'l ^4«fl 4e]4 -^^ Sl4. IP-C ^4 "^^^-S- »4^^^fe4 « ^lA&ofl tfl«i] .^a:^^ a]^. ^. ^ 7]^^ 
4^fe'-41 €-fl.^ -^14:^ 30*oil4 6 4444; it- -1-4, 3 ^14^^ -S^44. 

-^4 ^^^^s. ^44* ^r^S* 4^<^, "ity] 4^-8: ^4 'g^(405H4 250 ° C ^ ^4€4. ¥4<fl. ^4 # 
£fe 7>^ti|14 4^44^ 5-30 " C/min. 1-4, 10 " C/min ^.s. ^^€4. 4-Sr4. *4oi 4«ll 4=i 
^(4il)^ii-?-El N 2 4 s.^34:a. N 2 444 ^)*44. 

4^iLa. t4el4 4*-Sr ^^4(307)^ 4«il ^"S ^4(305).s. 4^siai, .-lu^oll. a 4^3:^ ^44 4:foli 4 
^ ii.-B-4-^ i4 ^4(303)^14 -7}4^^ 41^4 ji, 4* 45| ^^'^l ^^.^^4. 

44-a '8-4'5l 4-8-4 Nil 3 44o114 ^44 1 -9-4^^ 'S-'S^s ^^4^1, ^4"^ ^ 1 ^-^HH s.4€ 
44i4 444 4*4- 444^4 ±^^^ 44'& 44 '■UH4. «-€4«fl<=fl ^^44 44-€ 4 10 ^ 

:£14. ^S-LV^^l ^^4^4. 
■g- 144 '^.^^^ ^4 4#?^ ^.•4JI44. 

^4^ ^4fe 2 4 '"l-ar ^g-^CSiMS)* 4-8-4«^ ^a-^i 44 'a4^4^<^4 ^4. €4^444 ^^^'=114 4 
dt^4 'f'4^-S- 44ifl^4. -9-4^ NH 3 »fl4oll4 900 c-8:3is. ■^44* ^"^44 '9€r ^4 1:4* ^ 
fe4. 
9 ^44 

^ ^i4'^lfe «a 4^3.4 s.i^^€(SiH 4 ) ^ -^i^t* 44-44 ecr-cvd ^J-^Si -qsll -a5]^4i ^^^4 €2]^ 
^444 ^ 3 Si £4€ ^4a| ^J-4t 4-8-44 ^^44fe lit '^144. -& €4'4l'fl4 ol-8-4-t- ^4^ 'i}:4-4* 
-g^^ ^ 1 ^.4«5I4 'S.4e '^>44(705)(3«jl 7B s. %3:n ^t)(3)* 4€-44 ^'344. 

5 5ii £4€ <s!4^, ^ €4<41i4 °1-8-4 ^4i^^ 44fe ^4i:;i- ^^4^ ^4(501), ^4el °]m 4*^ 
:a44fe ^^14 ^34(502), ^44 4^°fl 7^4- jifr^-b ^^4 ^4(503)4^-*- '^4(505)7>;^^4 4^ ^4(50 
4).5. ?^44, :i 'a-^KSOSH 4«11 ^1- f 0] 4<'1<^ 4*(506H o]*4if.^ 44Sl4. 4^<='l ^i- -34 '^li 
5a44, -3-4 ^4(50i)fe m ^ns. 44, S'fl44°Il 4«fl *4i 4^4 4=^^ 4*4^4 *4°Ji ^447> ^ 
'^ 5^4. 

^4(501)4 4-5f- ^1 HAS. ^ iiBscfl SAisjoi ^r^. ^^-i^j. ^1:4^ e«il44(60mr 4«- 

(602)-i- 4-444 4^ ^4(50i)»fl4 ^4€4. sfS:. 4** 7^>ti5^7l «14(603)fc e^°loi(60i) 444 ^ 
444. 4^4, "94^ 'E^Io14(60i) ^^4 44-^1 ^«(604)7> ^.4€4. €4'^<fl 5!i44. 44^1 ^^.sis. 

-^]^'T-Q: ^i?-(246nin ^ 185nm 44-)4 «l-8-44. 

SE^. 7i^oi 7>^ ^ ^4€ nfl N 2 444 ^-^4 ja. 44-4 A'^^ "fl N 2 H 4 4471- :»l|-4^4s.^ 4^ -l^-S- -^1^ 
^(605)* ^4(501)4 ^444. 4-Sr<'l, 444=^^(606)^ £^4^ 4>«1« am44 4«fl -g4€4. JE^. ^4 
^^(605)-a- 44^-^-2.3. 444- '8-44-£-^- 'i^J44. 

n -§-4 ^^-S- 44*^ €444. 44 <a:?i 4^-S: 4^^ 44:4 4>»fls4<fl €44^. «fl4 ^4(302H -§44 
4. 

=^='l'4-4(505)o|| 4*11 4^. ^?4(504)As. 4*431. 4^4. 144» 4^ ^4(50i.)s. 4*44. 54 
ol^-ICeoD^^i 444711 44. *44. 71^602)^: e4o]4(60i)'8-'Hi 01*44. ^.^^.g: 4^4 20 7li 4€4 -r- 

=1^, t ol*4fe 444, ^^•^4'H(40i)4 4€- 'S.-s 4*4^ ^ 4C s44<^ Xi4. 44^- 

71-^ <3 4(403)0^4 5-30/niin, 4* 1-4 10 ° C/min !>] ^SS. 7|-^44. *4i. 4^ -lf"S 4^^(409).^S.Jf 4 
N jTl- .'?.?]!!-^. N 2 44«fl4 7>^ol ^^^Til-. 

O.S., 7V<i5)^ -^^lAs. 44<'l olf-44. =L ^-45^^ 4»<11441- *«|) -^^jg ^p^-a 

s.^^ 44^-tlA5. 444 '8-4444 ^.^44. 

Zl. 7>^ 500-600 ° C. -^1* l-o], 550 ' C.?. ^444. 

•*4°S. 4^ -sr^ 4=ii^(4i0)As.^4 N 2 0 444 **44. N g 0 447} ;»)l-5f-44 a^. <a4(404)44 20 
7114 44-4 *44 44€ ^ Sl4. 4-4 "^^^ *2f4^4 % 444 4^ 4:A4fe 44, ^, 444: ^4 
2l4^«^l ^-2.^ 30 $44 6 4444; 4* -1-4, 3 44*14. 

•*4 'a4-'ill- "l-f-"!!, •*4 44-8: ^34 <^^(405)oil4 250 " c a. ^J444. *4«'ll, ^ ^iS4 ^ 

Sfe 7>'iti|14 4a7}x|s 5-30 • C/min, 41- 1-4, 10 " C/min €444. 4-Vl. *44. 4^ ^ff" 4^ 

f J2^^4 N 2 71- ^^84 31. N 2 4471- ^if44. 
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4^-^.51, 7l^-£- ^J^1(307H ^Sll ^1*1(305).?- °1^^-17.. .a:^ «>q, .1 7]^:^- f^iia) o^JJuoj) 7] 

MjA>o:i ol^.;^ ^7/1) N 2 O tfl7loJ|A-l 'S^^i^fe >^^7lS). l&ia O.S 1 ^^]c^d^ S.X\^ 

^J^H^i -etq-fil 71^!:* diJ.5lfe A];?V^ ^=4 A):?io)i;^, 4 ^^.^611 £X|:^. ?g-S]7> ^l-g-^ ""fl 10 ^ 

°1 ^<^, ^2^-^<^l ^7}€n. 

4. ''^^l-fe N 2 0 tfl7lol]A-^ 900 ° C f:^^!!- ^-I?*}"^ ^4 ^t- S.s}o]t^, 

^-^e1 -^-^ A]^o]l 4^- ^^^^j-^TT "j-^^ 1 IC So)1 5LAl:^ol $14. ::i 7]^^ •e-£7> --^-t-SV-b -^-^V 5-30/inin. 

10 ° C/min ^ nt^.t}. ^ -^-'a- -arJ^fe -S-ffi^^hTll t'^]"*!!. 7l3(|l A]itia(605)«.^^Ei 

N 2 7]- S.'U^Sl. N 2 il]7lo|lAi 7>^.o1 ^.t|!^.rK 

4^011. ^^]^y}^^^^ ^£7> 3?-'*^ ifl, T^Vfil^^-e- ^»fll«>H(fiOi) -^i-^eill ^5^:^ T^^^e ^4l(f5orOAS.4ii| 

'8-4«r4. 7>t 500-600 ' C, -l-^, 550 " CS. -^^^4. ^'it 4i^(605)AS^E] 

N 2 H 4 7]^]7} ^^slfetfl, ^.iHe]7} -g'f ^-5L7V £Ta-*}-7l u>i£ :5lol| -^^^i, ^i*1el7> ^ ^>^fe ^^^7} £ 
Bfl, a y-Ellfe ^li^- N 2 H 4 ifl7lo)]Ai ^;s^^^7]■ ^ Si^ -g-^oM. 

-3-7) 'g-'S-P-S. "i^ell- ol:fo||, -5J-71 7lA9:-$r ^(405)011^1 250 ° C S ^2^-€4. f-«-H. .-n # 

5. ^ 7><g?]; i^s]- T.l.^V7)-;^|s 5-30 • C/min, '^l- l-^l, 10 ■> C/min ^Jg-gr)-. cRol, ^Ajofl. 7]j^1 ^-3- a) 
^^(605)^S.^iH N 2 7)- 21<a5lal. N 2 i^l^HP-l €'g^>^. 

, 7]3&^ ig-l^ ^^:sl(505)i .'^ai) 1§a1(504)S. o]2g.^ j7. a:fojl, n 7!?-^ o]:fo|i 7I 

^-B-^fe ^Bi(503)tflsj ^-Mlsofl -1 7l^ 

H 4 t07lo]]^l 900 <" C -g-SiS. ^tg^o^ ^-a: ^4 ^'iHr ^4i7> ^ele ■'d:^H}-<fl =£tl-i- 
^■(1 10 €4^1 

«■ €^1i^ S-ic^d^CSiH 4 ) ^ -a-i 71A)1(0 2 )* ^-g-'Sl-^^ CVD "^^oU ^el^-si^-^ciil 

■^H^ AV3^?|o] ;,(! 5 5:011 s.Ai^ -g^^ei ;^^]^ ^-g-s}"^ l^1i2lSlfe <^o]T^. -Sr -^Aiojioi] o^^jg ^e^^ -^i■3^e^2^ 
fll^ 2:?i-& ^HliflP-] <a-^ol 0.1-lOTorr ^l^A^ 300-500 " C 7]^ <q|-l ^o^, 400 » C 7]^ ^£ 
^ L5Torr ^Blill^l <a-^ o.^ -§^€4. 

-f '^l. cVt^^I 7]^* iL-H-^h^ ^'Msmi ^]^<i\^. 7]-^^o] ^..^sl^Ai ^1^(502)'^ •^.=S?14. n:f . ^ 7l^>; 
-& ^J-^K505)i ^»1(504)S. oj^slai, n^, ^^i:;^ 4)^!: ^»|(501)S. 11 yi^o] o]^^o] ^tf||oi 

^(601H ^^liiil-Tll €4. 

^^e] Altti iJh*!^ ;»J no JF.^ J?.a)s1o) 5^4. a 7)?9:^ 7]:^ ^cj^ 5-30/min, <<|«- 1: 

10 " C/min ^ ^SLS. 7>^^4. n -^tl -SrS-fe ^^^^^ €4- 
*4i. A]i^(605)^S.^i;ii N 9 71- N 2 ifl7)oilA-l 7>'i<:.l -^^€4. 

4-§-i, ^^^al7> -a^J^fe '8ri£.7} Jil^t 4, 7\s\-^^,Pr S«II<^H(60]) -^^^ri 7]-s].^ ^€(604)(264nm, 1 

SSnm-f -a '9-A>^4. li 7>^ -£-51^- 500- 600 " C. <^]€- 550 " C ^ -^^€4. -^->^H. 7)^^! 

Al>i^(605)JlS.i?-El N 2 H 4 71^71- ^-S-Slfe^, ^.^Bl7> -aillSl^ ^H7> £^«l-7l tt>5S.?1<fl "g-^^Jl. ^ 

^1e]7> -a^i^fe- ^5i7> t ■^■'fl^ N 2 H 4 ^7]<iHX\ ^^el7l- -^tg^ ^ sX^ 4^ol4. Ajthfr 

30 «-o)lAi 6 Al^^^V^I; 1:0], 3 A) :?}-.<?. ^;§^4. 

^71 ^<}-^j2.5. ^i^^El# ^sg^ ol^o)]_ 7]:^c. <^^(405Ha1 250 " C S. ^2t€4. ^^'fl, a ^4 # 
£-v- 7]-^^ n}l4 Pl-^7lXlS 5-30 ° c/min, '^ll- 10 " C/min ^.S. ^^€4. ci^*^!. f-4<=fl. ^Is^l a] 
^^(605)i>.S-^-B| N 2 71- 5.<?]^ Jl, N 2 'fl7HAi i|4ol ^.ig^.4. 

4^<^, ^^e|€ 71^^ Jg-^^ ^J-^)(505)<H1 ^gfl «»Jl(504).s. o1^^P-, =L 7)3^4: ^^el ol-ffl 7l^ 
^iL-l?--5)-fe ial ^Bi(503)xfl^ ^^s|ji, n 7^ ^l^l ^a?l4. 

O tfl/loflAi 900 » c ^^51"^ ^-g: ^4 ^'Sti!: =g=2l ^d:7> -gej-g- Ab:^HH 3F.t^-a- ^ "r Si4 

;H] 11^. A] oil 

^ ^Aldilofl A^^ ^fl 3 !g ^14 ^^^^l ^^slfe ^ -a^l-^ll- :»11^^4. ^, ^S-l^-a^S «Mt4 *4<^ N 2 0 rfl 

7HA^ ^5lS- At3^«}-<il ^7(la) -51 -p., rL4^ ^-^ ^Sl-S al7](^ ^A]6iloil-a 0J.V.40> l^l7l)0|lA^ ^j^l^l S- ^--^TSl-Ol 

B|fil f-^g-g- 7|Al>-l7M, TilolE ^«i^l-o.s,Al Aj.7]^ ol-g-*H N-sl^^ TFT 1- ^>a*l-^ ^Alc4l4 ;;^lsl ^■^o_ 

s. *4°J1 -T^ tfl7l(-g- ^.Aioj]oiiA| c^aqo). c{i7l)oflAi ^^ele ^t^Bi-g- gj*i4 a^, n , O 

rfl7HAl ^^lEll- i^l^t^ 4^ ^^a-i- 7ll^Al7H, TllolE ;g(aB> ©.SA^ ^711- N-i-l^^ TFT # f -a 

sl-fe €4i<»14. 4^<^1, '8-71 71^t3- ^J-a} si ell- oi-g-aj-i^ ^^^;*i..i] s]^^ ^] 1 £of| ^x^o] ^4 

-f €4^^^B}-(702) Hflol^^ 7l^(701)'^iA-l #42.4 CVD ^ig^ Al-g-gj-ol 3000A ^^S. ^^^4 n 
^, -142:4 CVD 'Jig-S- Al-^sJ-o^ 500A ^^S. ^Bl^svol ^ A^^t). :i o]:^^ n o >fl7l<>ilAi ^^47} -i 

n -a=1e4'£- •i^^€4. 'Hll- 1<>1 4€4 ^-S- «l-^-a ilcle^ ^-^^-l- ^TlAl^lfe ^4:4 « 
jfloii ^Aioi) 4:;^^ ^4^4 ^?I4?l7l 41*11 ^7Hl ^ ^4. 
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A^. -a^l&e^CTOS^e- '^-•^5|<^, ^d'g^(704)<^l 1^€4. ^7] ^^^^^ ^(704)'ar TFT ^ t^<5#«] 

4. lOOOA ^.5)^ -S^^(705)'£- ^ i 7ll<^l = ^.^.^o^ '^€4-. ^7] 4,^-^ ^A"^"^ Sl^l^i, 

«^'?KlH Sl<>1^i, TEOS 1: <^l-§-*(-<^ CVD '^o]^^€^. 7l3^-7lvfloi]A^ 7lS}^ TEOS 

^ ^ife 14^^ ^v]<i^ ^mjl. RF ^aH(<^l¥^ 13.56MH2 « 

B>.?.D>7> ^^^11, 200-500 ° C 7l3a- -S-S., M>^2l^7ll^ 250-400 ° C ■^If^i^t^. --^t] 4Ul<41<fl 

Si<H-^1 BV-g. o^?^^ o]3i, <Q^^ 12OW 7M^£fe 350 ° C S. -^^€4. 

^^(2)^ i^slul «<J-^ol4. 0] xg-f o)], 4^«^6l B)-:^o.5!. o]^^ji^ OL Bj-^ IPa <S-^i?.SL 100% ^i-. ^7H^.^ 

^ •^€4. 3. <g^ 350W <^12, 7]^ ^-£-V- 200 CS. -^^^€4. 

•a "^O)-?!: ECR-C\TD iJolJl. -ttdi^ iLii-a 'a-(SitI4)<^l ^S. 7]^S.^-] oR^^. %<^. N 2 0. NO ^ NO 2 
4 ^.it >a:3^1-€- 'I-VJ: tfl^li ^]%■^^t^. ai^, -^A]ol| Ti}. 7]:^. 7l-^.^)-/(l 400W ^ '><»la 

(2.45MHz ^34-^)0)4. 

4-8-, ^■7] A.?, ^-^^a 3 S=fe 4 '^'1^ «:*1e|cfl 4#4. 5*11 i S=>-1€ ^j^^. -Ji- -^aHoD o]^^ 
1*1^^ '^^]^^ ^H^dOl), 71^^ ia] ^Hl(l02), tn'^ 7l:^-a- 

iu] ^ti1(io3)4. ^^^^1(110)71- m(109)* ^vlf5|-ji. .1 ^j-^KllO)^! s]n 

a*. ^BldODfe 7^(105)^ 7}m7] ^Sfl «)-?-^ 7l^9-^c^(i04)# ^^4. el^ol. Jguld 

01) 45-1 ^-^.(106)ol -g^l^o] ojrf. ^ 4lAlc^]oDAl 49.) :f ^10.5. ;«]oj. ^^(mercury) ^S(246nm 1 

4^ s^B]^ ^Bj^ »fl^<^ ^2?- 5a4. 

t-i-5r<^i. 71^-1- mit-s;F7i 8ji7i Aii^dos) ^ 7i?^i# si<ati-7i ^fi^ 71x11 ^i^i^'^do?)^ ^s»ido) ^ ^ 
^ ^iildosH ■^^l€4. 

^ 3 t^^i i^^eli- o>2))oi| ^ici 71^0] 4^ 7]:@- ^Hlmofl t^sm, dI|Bl ^lil(102) 

i 4^^€4. -^^KllO)^ 7]^<>] ^tg ^ul(l09)S. ^Bl^l Dpl AL^x-aofl 

afl-toll P-lSfl ^ihSl j?., n. «>]:fo)), a 7l:g:^ °^^o] o]u] <^:^]\£\-%- ^Vi\Si oW^<^. 7]% l-uK 104)011 

€4. 

O.^, N 2 0 7lSil-& 7]^ •^l:ii^(107)-t- ^»ld01)S. S'gSl^l. ^B] t|l*-oq 0J.^«,^ t|]7l^o.S. -i^?^ 

5^2^ O.S. 100% N 2 O «fl7HAl ^^Vs-l^^l-^l »g- AVs> ^.Sl5l7l- 'ai5€4. -S-^H. <i*le| -grSfe 350-600 » 
C tl^ll, 500 ° C 5. -€^^^^4. t*l2l ^It!:^ 30 <^-H 6 ^l^i^;*! olt^, a ^*lel^, ^il-i- IrOl 

3 Am ^^5|5i4. 

4^"^. ^^71 ^Bliil-^Ej N 2 O 71- sil^Sj aL NH 3 7} P.^^4. ^^]<^ NH 3 I?.'Q'§r N 2 O ^ tiH#"l ^^3!-<?- 

-i^Ja ol^i ^igsj j7, €4. NH 3 fe- ^7l 'S-'gAS S'^sl^. ii ^3^1 e]^ ^h] ifl^fi] "3-^ 

o] x^7]o^±S. AS. 100% NH 3 ^7]c^^ 7\<i\^^^ »g-A>4 €^^4. ^^H, 7>^^£i- 500 

" C^laL, ^iHe|'a3-^1^-^-<?>€^€4. 

^j-7]4 "S-^AS. "g^H^l-S- °l-^«fl. ^«1€ 7l^e -I'-J-- ^J-^l(ll0)i ^wl(109)i£ oW^S., 

a^-, 7l«-ol ^-61) S.^^^ dlltt] igiil(103)Sl T'HJHjL^.TgSIr^, *|.4^ 7]:i(l-Si\ ^£^.4. a4 

f-^^ -^^^ ri-t- yV^^jAS. ^tg^c)-. 3 ^ig o] ^^lelfe ^-^^ 'S-^Ai?. -^l^^tf. 

?>^<fl. ^8-7121- tg-'SAS. ^el^ ^•:^B]-5l 3 ^rflfe jtfl 4 ^^A] ^^ls1o|| x^%v^, 

^•a.NH 3 71^71-71^1 -g-^ A]^,^(i07)-i-*tH ^8ld01)oll I^H^^ ^wl-'^-l ifl^^^<^l tfl7l^AS 

e^^AS 100% NM 3 ^l7HAi ^•Sils^.as). -^-Alofl M^Al^i^Al ^^Ja4. -^-AH, n ^ i*)?! 500 
' c«14. 

zi 1^51^ 3 -Am^l 'a:*^el f-*?]: €^€4. 

4^<fl. ^7l f,13lS.^El NH 3 7> Bli#5lJl N g O 7>£<a^.4. -^Alol) N g 0 ^ -E^S-gr NH 3 ^ Bflfrol ^g-g-^^A 

ol^i ^.^^ Jl, ^S^S. ^7\] 4a4. N 2 0 ^ ^^7l «}'aASL SL-gslJl. ^j^lB)^ igul ifl^o] 63. 
5^«>1 ci]7l^AS ^Jg^ tJ^^IAS. 100% N 2 O ifl^HAi 7q-sl^X|«q ig-Al-^l- ^>)^ -^^^4. -S-Alofl, 7>^^5it 5 
00 " Co]3L, t 3 f-oj: ^.i||^.4. 

^71 «J-«3AS t^lEll- 'MS^ ol^oi), t>l5l^ 71^-8: ^j-*l(110H -^H ^«1(109)5. ol^S^IL 
:fofl. n 7l^^ ^i*l5l ol^efl 7l*^- frj^-te -^lul ^lil(103)alsl 7M.Ho)l ^;»JE|77., 7]^ ^lel ^^o] ^•¥f^4 

-^•71 ^ 4 ^"^^i ^^^e)^ -^-71 7l^^ D-'^AS ^^€4. 

-8-71 7l#t3- Ei-^Aj Bj-^jo^ 3 7^^-| ^Efl# ol-8-*H ^elS-tW^ ^.^^l^l 2 7>^1 ^tfls. ;Hel£|3. 
^s^l^-a^l 01-8-4 1^1 6 7H Ala 2 s> oi^ ^(SMS)^ <»l-8-^«^ S-^sUi, .-n. ^^H^ 
^Bl^ -a^^^i^i, -^j-71 7]^^ ^j-^d)(TEOS 1- <^l-§-Ta- *els4 CVD «8-^)^ «]-§-s-l-<^ ^ul^l 
^ele-tV^^^^i -aele^l-i'H ^t^HIa-I i^4.(C)t°1 i3dt-.sl3v, ^o] ^7}<^3X^?:\s. ^oj^r)- att 

^^H -^f^dtai)?} ^i-isl5itfe;^ll. ^?l-^4. a?!-, «^'g(2)(^i5iEl ^ «^'a(3)(ECR-CVD '9-^)-i- o]-%-k<^ ^ 
-^^ €cle -51:^4^1 ^.t\^/-^_s]^ :g7i)°)lAl %-:£7> f'7l-45afe'^-l- ^^«l-7ll ^^1^4 

^4i-'ar ^^-i-i- ^i^^ -a-^^r-S: xi^ih ^^^i-as./^ ^^^mTii €4. 
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^^7] 71#^ 3)^ A}^i5>o] J^^^ -S^aj-O] H] J,7fl. o^Sj) N 2 0 Sf-ifr NH 3 cflAli I4i t(l7loJ) 

5000A ^J-f-^lwCl^'-S^ %^ Si £^ 0.1-0.3 % Sc 1- S.^)^^ 5^1 Sfl 

31, 7\]°]^ ^-^(706)1: ^^^7] -^3)1 °11^j€c>. ns. ^iSf), ^ 7PH 5i ai^'lt 1-3% ^^^^ 

"^l^-l-ell- ^"Jl-^l -^-^ oH4^H^ $1:^1^1^ 711 ''is. ^1 4-8-*>'^ "3=-^ <+Sl-7> ^i^^t^-. 

3. -a^fe ^7) al^ ^f-c^ll^ 120V Zf}^] ^^^■^ ■^^'t^\n^. 1 4^ ¥t> :2 -a-^l- -^m'^ ^SL%1^. 

1500 A ^'ll-o-j <a=^ ^^S-^ i9-^.<?„?. ^^^4. 

7>-^r ^^-g- 10-90KV 'ilA l^^-^r 1 x 10 is i§x>/cm 2 0]^, ^^-g-^ 80KV S. ^^^4. ^ 

n l-^l- <^^(707)^ ^7] ^.^>£) ^i^S'H ^-^^€4(^1 7C5L). 

4^01. -V.^^ l-lirlr <l ^(707)^ KrF <^A^ l31«1^«4Rnm j^J-. POm ^. ^)_?. »<3■A>^i^o^ -g^:^ 

4. a ell'^l^l-'^ ^1^^ i4^1 200-400niI/cm 2 . 4^a]«l-7flfe 250-300in.I/cm 2 0)4. ^^-7] 

4^. 4000A ^^11^ 2l§ -LW-g- -^^^ (708)-s- 41311 1-42:4 CVD ^-n ^^si$a4(^ 7D £). 
n^, n ^-asfcyos) 7llo]E ^<g4-(705)-i- i^^n, 4i>i/H^ltl ^#l-o] ^§-^€4. ::i4^'fl. :i:44^ 
•S-^t ^f-^W^-^l i--i:/Hi^l?l <a^(708)ol ^-a^^It, N-iill^^ TFT 7> 

€a€4. 

^^7l TFT ;*f|S 7l]ols ^"S^-a- #4«1-^ ^a-^ [«^^ (l-3)f- o^H ^ 1-S- 5^0^ 0^ 

^^°1. ^1 3 ^^4 wi'a[N 2 0 tfl7i +NH 3 tfl7lM4^^i «M/500 ° c/3 A<^(.'%-A 

'^.^■^ -N 2 0/NH 3 1^171 3EAl^) NH 3 ifl7l +N 2 ifl7l/44^-H »{^4/500 " C/3 ^^^-^kA 

-3-^ 2:?!^ 'NH 3 /H 2 0ifl7l*5L 2:^ N 2 ifl7]/44^^i /500 ° C/6 Al:i(A^7l <>\^^ 'N 

2 >fl7ls i^t)* o\AS.<^] X4€ ^^€4. <a«^^ TFT H5|l°a ^^O-o] + 14V S. y^o]^ :^ 

°J-a- -17V <AV] + 17V 4^1 n. -^.ejl-a ^-f ^ ^><j^4. .:i ^^J-^- 10 ^ <il-T-°14fe^l, 10 ^^<1 

^^^^ ^01^ ;a73|1 2:4 o]:f.£(n io)fe 2.7] ^^oi]Ai ^o);^ ^ ^ 3L4 q )^ 42S}j3, a St[l-(ii 

10 /ii 0 -ii^^SA^ ^4€4. ^ ^^1^ 44fe £^^1:^01 sa4(::i ic^-&4 4*14=ii -^-ife 4* 

£7} ^-7}^ -§-44^4). 

Ais. 4-^>§ ii^l^ 

A-1 No.l (TEOS SI #4^4 CVD) NjO/MHs tfl?] 3.2* 

A-2 No.l (TEOS 4 #4^4 CVD) NHs/lfeO t||7] 3.7* 

A-3 No.l (TEOS 4 #42:4 CVD) cfl7l 48.5% 
B-1 No.l (>is^^ mm 4^1 -2.7» 

B-2 No.l (ih44 'S-'S) NHs/NjO 47l -2.3* 

B-3 No.l (=t44 'fl-'S) t||7l 11 9ft 

C-1 No.l (EOl-CVD NjO/NHs A7] 0.7% 

C-2 No.l (ECX-CVD 'S^) NH3/N2O 4^1 1.2ft 

C-3 No.l (ECR-CVD 47) 20.5* 

^7] sio14, ^ ^-'^4 N 2 o 47l<=llA] ^^41- -i^t- 14| 44^-tl4 »S-44:3i. n^. nh 3 47H 

4 t*14* ^%14^4 44^^A.?. '?hA>47l4, a^. 4^-^, nh 3 47lo114 -a^t "fl 44^-*! 

»&A>B|.ji, zL^f, N 2 0 tll7HAi ^sl4-i- ^^4^4 44^-53.^3. «^44'e 4«il 3 Til ^^4^4^ 

N 2 0 47H4 % 44^-94 'S"-^}!- 44 i^^^i 4S- ^^^i^ aL43£. 4444 ^fe ^£ 

€4. 

N 2 0 44 a-b NH 3 vfl46iiAi ^441- ^-^i: nfl 44^^94 »J47> S3l4€. v3H-^i4 7fl-y^4 44 

44 ^fe -S-4«: •^^-^i-.T?-^- a»4 

-g- -i4'^l'^I4 TFT ^ PVD CVD 'S-tg-l- ol-§-44 w4€ -^4^^ ^444 ;^14:£ ^?14'^] 4-8- 

«4 1t44£ <9=3:« xfl^^ l{ -V.^# 7>44. -f^^ ^-^-^ TFT ^ «4?I4. ^4 4^^■ fe «• 
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^] 12 €^14 

■e- ^^'^Hl^ ^S-S-M TEOS 1- ol-S-^--^ ■i2l-2:4 CVD ^leie^l- 'J^'i ^•^^ 'felel'g- -tt^e^'^l ^ 2 

£6)1 £.A1^ ^^^51 A}^s).<^ ^iH^^J^fe ^ iolT}. ^ ^Aldlloll o]^^ ^e]^ Xj-^B-].^ ^a-^-Q; 1^A1<>|1 

oil °l-8-€ €el^ -a^e^^ ^1 1 -U-^Hi <»l-8-€ -a:^^(705)ol| ^3-^(1) -t- 4-8-«l-<^ -^-^^m 
3^1 22011 s.Aicg ^^1^. -i^H-Hl o]-8-€ ^J^lfe ^1 n -SAl-mi Tg:^ S^l^ls. ^uli)- 

^ ^-f i Sl'^^ife =1^^««1-^r ^gtilS. ^^Slul, 4t-s) -i-i^olM7> -^aH Al^,^-*: 

■s-^^i'^i'fl m(.9.Q\)^ ^» '^efloiii, 7i«(?.o3)<:>i ^^^^ ^^jiou ^*iHis.a- 5)01 cr*!. ^m-gr 1 

bK201)-°-1 «^ ^^-^H *lEi(202)o11 7>^« ^ ^4. -^^71 4sq^ =^-^(204)^ ^^^4<^1 7] 

^"^M ^Mslfe "S-^Ai^ ^o1(20i)fi] ^*1€4. -g- ^I-^Hli^l ^is^'^i '^'S- 
^.^l(246nm ^- 185nm ^^^i-p} ol^^cf, 

£13:. ^^*>7] 81171 Ali.^(206) ^ 71^1* £.'^l-6l-7l ^ift 71^511 AliEfl(205)'gr ^wli ^^*lsl<i1 

^■a, 7m(203)'er a ^€(204) & aiJfl^ t >8-*l ^wUgoDiSl vl]'« ^-i^H .^;^^c). n 2 ^1 
*11 Al>:^o.s.:?-E^ 1i«1(201)S 5L<tlElJl, n ^ti^s] ^fl^i^N 2 S ^m^A. ^^H. 7lsite bB71 Ali^(2 

06)^ f-sfl uil#i^3i, a ^HliH^illAl ^^^-<?.s. <a^^^ "S-^ol -S-^1€4. 

4^- fulfil tfl^i: N 2 s ^1**^ ®l^fe 7>^.s|li. 4s^-?^. iS-A>7> ^.^€4. -^-^H. i*lBlfe 300- 700 
» CS^JL, 6)]1-1-<H, 500C iS. 4. 

-8-2.^ 71^4- 7>t-qfl- oj^oH, N 2 N 2 OS ^1^-slul. ^iil^J-^sl «M7> ^sS^4. ^ 1^1 ^1 7] 
30 S-^A^ 6 Al^J^x] ^^slfe-^l. oi1l- l-o^, a. 2 ^1i€4. 
-^71 o]^o11, N , ^V]3. 4A1 S-ySlI!., N 9 H 4 7V N 3 S. ^m€4. , N 2 ^ -N 2 OS. ^]^^ 3., ;^}Sl^ 

^-0-1 ^<J-A}s 2 1^1217} ^^€4. *^H. €^e1-8-£7> 500 " C <=']jI, =l -^-^b]^ 2 ^'ft ■^•^€4. 

^7l i^Bll- ^i%^<^ ^5li? <i3^n^: 2 j^V ^*i= S'-M (SMS)"!- 4-8-*H -S-^^ 11. 4±-'^o] 2: 

7l5l -gel??- -tm^^^fli at^I ^-^ *s <:-l^J-o.S f'7>S|fe^l ^ ^ ^i=8=«l ^islSitr^l^- 

41 13 ^-^Hl 

-^-^life -ass..*! TEOS «• 4-8-«i-'=^ ■§•42:4 CVD 'S^^ -a^leej-i -^^^^ €el-E -SSl-^-ol 3 5.011 

If-^m ^*lBl A>.§.-g^O^ ^S14 iol4. ^ -gAlc^lollAi 0]^5|^ ^5^^ ^'3 t ^ 1 ^^1 

oflfi) -Sel^ 'iV^5K705)Wl 7B H cfi«fl 1 ofl ^^^€4. 

^1 3 si<^ --a^^. ^ ^^Hii-^i °is€ 1^5] ^^ife ^^-14* mn-^:: ^^mi). 7i^-a- 

^nl-Sl «^14 *3ttl(302). "g>14 7m*- i«l ^4(303)4 -r* '^^^looe ^ 307)4 ;H1?€ 

^4(304 ^ 305)S ^-^s)":-!. =^^^1(306 ^ 307)^^ 4«fl ^^l^^ 7l3a<308 ^ 309)»1 

^ol 4^ol. ^ ^iA]oiioi| xio)A-i, ^^141- m ^Hll4*H m 4^^ <*1* 

Al^J4 ^ "i^l47> €«4^ «T1*1 ^ns. sH m 

^4(301)4 T^Sfe 4A£ ?! ^ 4B 5.i iAl5l<H ^^AS ^l:©!:?! ^Hllo]'^(401)^r 7]^ 

01 «l-?-5|.v--^.<v> 1 *SBl(301)v|H -^^m^ at, 7l?!:(402)4- 7>^gl-7l flt 4^(406. 407.40 

8)fe 014(401) oM'^ ^.>*1€4. a *]Elfe 3 7114 -^^W. 'g^As ^^sife'^l. ^. 7m4 "?r£7> ^-s^-bi-te 

S-(406). "a^t-grSLS 7}^^^ ^S:(407) ^ ^4 W408)-<'-S ^^€4. ^1^4, ^r-^S 7)-^5lfe ^Sfl 

^ ^.4ii $a°1'^i. ^4-3 t€AS ;^oj. ■^B.menm ^ 185nm ^^oi" 4W 01-8-^4. 
a^, 4^11* «)l#44 4ti- «fl4 4=^^3(412 ^ 413)4, ^l^fl-i- ^^44 4tl- 4^ 4=^^^(409, 4io ^ 4ii) 
^4(30i)i ^.4€4. -a^oili sl4^i 7]^! 4^^^] 444 ^.444 5^4 4^011. n 2 ifl^lfe 

4*0] 7M ^ ^451^ ^^(403 % ^^411, N20 -^ii^^lr 47l^ 4fil^'a^ 1^451 

?g€ ^.v-s 4*4 7>^3^fe ^§(404)c1| ^^^.4. 4^01. BI14 4:^1^(412 ^ 413)^ .'?.'a4fe 4S11- Bll#4-4 
4t 111: A}o)4 ^7i|l-f e^ofl ^^m4. 42^1-*1 <3^<fl4 7lJill4 -S^-e: ^?ll «S4oll «ll7l 4^^(412 ^ 41 
3)4 ^.4s 'S-:^1^!4. 

n -■g^^'Sr o>elloll -^^€4. ^-a, 4^-^-1 *121 -/m^- 4^1is4'fl ^^4i'-, <=^14 ^4(302)i -M^€4. 
^ ^4'^1'Hl si44. 4^!-l- ^^47l 4t ^7114 ^114 f.^^ 71*1- ^^^47l 4t ^7lisi i4 

^471- ^^-i- -a^Sffl a 4*0) n ^j-^ls^ :^4 ^o] ufl4ja ^ 55^716)1. .§.4 f^7Mm4. 

4^-2.s, n 4*^ '^^4(306)'^ ftl«i| ^^i3Qi)±s. o]^^JL. 4^4, ^^4* ^4(30i)s 4-S-2l'H. 
^w|)o]4(4oi).^oi| -^.4:^4. 

^'"'H. 4*(402)^ ^«fl4<H(401)^J-oll ^7||4 S-?-(row)S a(ll%4. 
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^ "S-^Sj?-:^. «>l^sl^ 71^2^-, g-tiilo]oi (401)0)1 ^-x 7]^?]^ 7^ 4C 5.^ jp.aIsIoI ^t]-. 7]^-^- 
7><i <|^{403H^i 5-30/niin, -^l-l- 10 ° C/min ^ 7l-t^.4. -^-Alofl, 7]^] -g-^ a1^e»(409) 

t)-^^S, ^EJL 7>g3J)fe <^«(404)^S. 7l^o] ^^^slfe fiiSfl^H* *8l) ^ 

a 7}%. ^S.^ 500-600 ° C. 550 ° CS. 

-^^n. y]^ ^yt Al^;^(410)A^-¥-6l N 2 0 7]^l7l- ^^sjo^, N g 0 vfl7l7> ^^t\. c^^o), <g«(404)iA-1 2 
0 7l|fi] 7)Ji5-ol *ie|^ ^ 5!i4. Kli. >3-7l <g^# f^^^^cll 7lJ&ofl tfl^ 4iJ9.S|fe a];?}, a^, ^ 7)^^ ^ 

^e1fi^-fe-^] ^.At^ 30S-i^i 6 -M^^M, if- f-o^, 3 a]^^^ ^.^^t^-. 

-'^71 »i ^^S. "i^ell- -t-*S* ^1^^, -S-71 71^^^ <S<^(405)ollAl 260 " C ^ ^32^€4. zl ^i^] 

y}<i^!^ 4€7>^liS. 5-30 " C/min. il- 1:<H, 10 » C/min ^l^^i^-. ^"1^*1. ^-^H. 7lj^l >«>]>i 
15(41 DASL-'f-tH N 2 71- S-as^jl. N 2 'fl7l7f 

4^.<?.5., ^>Hi|€ 7)^^ ^s](307H s]^ «Hl(30r0.s «l-g-:^jLi, -H^oll. a 71:^^ ^^^e] o]:?io|i 7] 
iL-^*Ffe ^B](303)iflfi^ -7HS^ ^^s^jl, ^'H 1 7]:a- ^'-Tgo-) 

4-S-'=^1. 1 7lJa- 5^51 -^^g^l 7]^^ <^]Vi] %B\{3Q2H^] r^A] ^ ^. -^.^JSl Ji, 7>^. S^5]7)- ^.13^4. .I 7> 

:iiS.?lSf|, 7l^^r -g^ti ^:£JiL 7>^.5|ir <S^(404)«.S <^1i-^. ifll g-»iil«>H» "f-^ll -^.^^^l 4^^^ ^^^.^SL^f-^ 
i^J^-a O-iS. "j-^i^fe t^«l€4. =i 7><§ 550 " C S -^^€4. f^>^l<fl. NH 3 71- 7l^i(I ^1.^^(41 

0)o.s.^Bl S^Slal. NH 3 cll7l7l- y^^^r^. 

■S-71 «<J-'-aJ2.S. -a^le^l f^?!- '=>1^°fl, 7l^^r "J'3^(405Ha1 250 " C S. '^2|^4. ::x -jjf d; 

Sfe 7}-lTi(l<2^ ^}^7}7]s. 5-30 ° C/min, tol, 10 *" C/min ©.S. ^^€4. ei-%«>l, •^■'•■H. ^I^il -g-^ 
^.<?J£-^El N 2 ^-"^^ Ji. N 2 tfl7l7> ;^^^4, 

4^-6.3.. 7l^-£- ^J-^1(307H ^Bl(305)S ol^ilal. n^^ofl. a 71:^^ ^.5^^! ol^<fl 71 

^-i-a.-^^^ <^li3l ^iJl(303)ifl^ -7M]li<fl ^.^^31, 7l:^^Hel ^;^^o] .^JL^aT^. 

'S-'^M *1-§-4 t^ll N 2 0 t}|7HA^ ^^M^ ^7l4 wj.^ ^^Slal, ^Alol] 1 -^X^d^ SLA]^ 
^^^li^i -^^^ 71^3:* ^elTil-fe^l Al:?l^. 0)= 7 X\:(Vo]^^ ^. ^X\<^d^ ^X\:^ p^^^p} <^]%^ ^ 

20 €-<>l 4-.iLS|°-S. AgxjV^o] f'7>€4. 

^ «j:^.<q ^5^?!^ Aj.7| 7i^-^ «j-<§^s mm. 

<a<^^ 2 g-^(SIMS)-i-4-§-^'=i ^sle^!^i4H^1 ^-^l, ^^"fl'^l 7}fil 

:^^li>] ^^.^?|S|fe ^.^B^Sl ^a^S-AS) ^7\^JL. ?5 -^ih ^£7)- ^^7]^ -g- 

■a^ tl]7]oOA] 900 "» c ^slel-s -^IS^-^ "9-^: ^-S: i4k1-\}4. 
14 €a1<^1 

^ ^-^Hlfe ^s.5.Ai TEOS a 4*^^ *2l-an} cvD i^^"!! al^ -ae)€- -y-i^^ol 5 Si 
oti ^J-*l* 4-8-«^-^ t^l5l5!fe <^lo]4. 

^ Siiofl £Al^ ^ ^Alo^lo^)Ai o]^.^ ^j^e) --a-^^l-v- *S«1(501). "i^M^l «]--^<1 7]^-i: 

'^ily) ^wl(502), ol-T-ofl 71 il-frtf^ i«l «ul(505)4 -^-^ ^^^1(505)71 ^1^. ^b1(50 

4)is. ^^5)o1, -1 -i^* ^J-^KoOSHl m %^ 7lAa(505)o] ^^o], 'aAi<^ioH 

^o]A^, ^al(501)fe Hp] ^Bfls. slo) oj3^, ^*lel7}- ^»lh]olf;H :g.Aloil 4^*1 7]:^^ -^I^aI^Jj!). ^a]o1) 

-•*jal(501)2l tl)^ ^1 6A i£ ^ ^1 6B Sli £a)s)o1 5^4. nV^ol;^ ^iJ||<»H(601)fe 7m( 

602)* ^M^W m t^(50l)^<^ ^.^m^. 7l^* 7>^.3^7l «lEl(603)fe ^iS||oH(601) ol-2fl«fl ^. 
3i^, =M(604)^ ^•*ll«H(601)'^i 

7l^ ^-3- Al-tf!(605)^, 7lJ3:ol 7>"i ^ ^ n 2 t|l7ll- ^Hl^al-Il, 7l^ol <g^i^ ^£5. 7}^! t^I N 

2 0 tfl7ll- ;Hl^«)-7l iH-afl ^ul(501)tfl'^l '^i^<^1, 1^1)71 Al^^(606)-& iE.<as|fe 7] Sill- 

^"3- '^fi- ^5.(246nm ^ 185nm ^•^ 4W "l^-^^. 
rL -^^^-8: o}i!M ^^^^4. 4«^.«i ^lej -y;^ 7l^--g: 4«^=.-?l 71^-8- ^MflsvUoi] ^t^^jl, c^^] ^h1(502)o|| ^ 
^^4. n/^.tlsfl, ^--^^ ^^^^1(505)o| fil «9 igi3l(504).o..^. oi-f.5|-j7. d^^l, <i*l«l-l- ^ta- sgaKsoi).'?. ol^-si 
ol. ewll'='H(60i)^<^l ^l^mTll ^4. -S-Ni. 71^602)^ e»il«>lol(40i)>a-i "I^jNoI, ::i -S^^-g- ^^*1 20 7li 

71^-^1 ^7llfil ^J7;V6^7]1 2^.4. 

4el- ^^^^ nJ-^l-Sr ^11 6C SAlsH 7]*^: 5-30/min, ^£7> Aj-g'^l-fe 

^1# 10 " C/min ^ ^iS. 71-^^.4. ^AH, 7l^ ^-Ef- Ali^{605)^S.-?-El N g 7> 3E<a^:n.. N 2 ^fl^H 

A] 7><aoi ^i«^4-. 

t^2l7p^^5lte -gr£7l- ZIL^^ x^l, ^V^q^-ii^ ^ajjolol Aj-^o)] ;<|.<q^ ^^i605)^S.^■^ 

4. ri 7>^. 500-600 " C. l^l, 550 ' -«d^^4a4 ^a1<.1|, 7l;*ll ^ g- Alri:^(605)«.il-^iH NH g 

0 7lSll7> «-ii5-3^tetil, '^^]i\7} ^Sl7} R^S^7] 4s. ^•■^^3.. ^*liq7> -g^SSlfe ^£7> "ifl, 

^ ^Sflfe NH 3 0 t|l7HAl 9kn^7} ^ xlfe ^^^-l^. 
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tfti, NH 3 N 2 ^ m.^^ N 2 4^1 N 2 0 S. ^^It-sl-H, >*« 2 ^.^Hel-^l- ^.^^.cf. a ^.i^Bl 

-^^7] fJ-^AS -^^^^ 4^^^ ol^i. -'^71 7l3ft^: 250 C S 'a4€4. f-^H. :i ^4 71-^1414 n}^1.7> 

^IS 5-30 " C/min. , 10 " C/min AS. ^>g€4. 

Cl^-^l, -^A]o)l. 7)^11 Al^-ug(605)o.S^El N 2 S-gSlll, N 2 C|l7l7} ^Hl^^cf. 

7l^-€r 4-* ^J-^l(505)i ^«1(504)S °l-f-s)JL. :i:fofl, n 7]^^: g^je) <^l^i 7] 

900 " c ^i^H^ii-ii- 'T-^s*)-*^ -a-g- ^4 ^^s. ^tisisati-. 

^1 15 

^1 8 £01] ^.A]6iioi| ol §-^ <^i^s\ ^^^]^ t^Hel* ^7llfi1 ^, N 2 0 t}l7ls1 

°1-81- 41^ ^«i1(801)4. -r^i d!!^ HH 3 oa)i!l ^^ o^^.^ f «1(802)# ^^ferf. m 

«1^H Ji-fr^^ iwl f uKSOS), ^.^^ej -t-i 7]^^ ii-fi-isl-fe i«l ^wl(804)4. ^j-^l(805) 

71 ^]^^ ^?H)(806)S. ^■'■i^o] -t^ ■t^KSOSH 111- -i^ Al^lop') 7|:?!:«1 -^I'S^i"-]. c-l .<Vol. ^ -^Xl 

at. ^1*1(801 ^ 802)^ 7)^(807 ^ 808)1: y}''4^7] ^sfl ^if-oH 7lja. ^cl(809 ^ SIO)* 

*fe4. £C 4slfl -7h^.(811 ^ 812)€- ^Bll- fij^^ofl -y.^Mcl. '82.(246nm ^ 185nmf"a 

^34 4sl^^-S- ^ §ife ^la^-l €i^7} ^^sjo] si7H, :i 4^^i--a^ ^"^^ ^ sI4. a-^, 

-S- €^)<^lol1 S!l°1^i ^^<^1 sl^^l -g^l^-^ Sl^M, ifl^is ^ Xil4. 

atb, 71;^)* tff|-i-*F7l sf(l7l A]i^(8i3)4, 71^-i- £SJ^7l J?!^ 71^1 -^'-^ >^li^(814)€- a-fe ^ 

^4^]^4. 

-f-ifl. 44^«] 7]:^^- ^.^431, "llHl ^iH(803)"ll ^.=3^1.4. =1^. 71^^- ^J-5^1(805)<^ 5] 

n *^Bi<^ ol-^SlJiI. 3.^, ^M^M: ^Bl(801)-9- ol^Slo], 7]^ l-i;1(809)ol| €4- 

71^1 A]^^(814)AS-?-E) ^ti]6l| N 2 0 7]- £"351^, ^^^]^ <^^0] lfl7l'a-AS. e^^A^ 1 

00% N 2 0 tH7]<n/^ 45)-^^ AS. iS-av^^a^ <^^^p} -a 18^4. 

«■! 7>^ ^rS^ 300-700 " C 1^1. c^ll- l-ol, 500° C S -€^^^4. 5E'&, 2? -^I^-S- 30 ^•^'"■i 6 ^)Kio] 

4-§-, -5^7] 7m-fr-t-* ^J->^K805)o11 ^^sil (806)S. 4'^1 o]^-^<>\. ^ 2 ^^€[7} ^^^^^ 2 ^gul (802 

)s. o]^-^^, -^7] 7]^ t.u)(8io)i ^y^mn €4. 

a^-. NH 3 7} £^J^ Jl, s^Hlil)^ lfl7l<a-Ai£ -^.^^ e-g-^ASL 100% N g 0 ifl7l<Sl|Al ^Sl^^lA 

5?. '^Ai^^lx^ ^^1 el7> ^^€4. «1«fl. 71-^^sfe 500 • C 3. ^^2^1584. K^. =L t^]^^ 3 €<8€ 
4. 

^J-71 M)-^AS ^12^ :^el-i- -^-^-^i o]:^oi|, ^^e)^ 71:9:^ -^^^ ^>.-xl(805)o|l ^qsfi ^»fll(806)S. o]^^Jl_ 

=L^<^. a 7l^^ oi^oj] 7l^-a- i4 ^>H(804)vflfil T-Mls.ofl -t?g3^ii, ^^s) 7l^oi] tilt ^lel 

^^J-^l ?l-s^.4. :i ^^<='l <a^^AS. ''>4^.4. 
^ ^^s] -i ^elfe ^^71 7l#^ «j-^Ai?. €^€4. 

2 SI- ^^(SlMS)-ir 4*«f-^ ^el^^ifli Idb^^r N 2 0 te7lo|lAi 900 ° C -SrS^ t^^el* 

-^g^e^ 7^4 ;^ I^?145a4. 
^] 16 -^^Hl 

-H- ^^Mlfe ^.ajLAi ai::-^.fi:(siH 4 ) ^ ^>4i 71^] (Q 2 )* ^S"^*^ ?sl <8- CVD 'S-i?!*!! 4ai) -^^l^^sj-^i 
^ ^el^ -a-^^'-l 5 £"11 t^l el^J- -^ll- ^^le)5l^ <^I«14. ^ -€-^1 <4M1 '»l-g-€ ^h1^ 

^ iflta: ^f::<3^ ^gtiltl) O.l-lOtorr ^l^Al, 300-500 ° C. 7lJ^ ^.V., e4l# 400 " 0 7]^^ 

£ ^ l.Storr ^Hlvfl^l ^-^^AS. -^^€4. 

^I^l-JM 4^2] 7m-g- T-MlEtflo)] c^ly] ;gi3l(502)i -^.^^€4. 44^ 'r^^J-^sKSOSH ^iSfl ^ 

'a ^>Jl(504)oll olf.£] j-i, a^f, ^^lel-i- *^Hl(501)5- °l^il'>l, 7lJa-l-Cl(60lH ^l^l^Tfl €4. 
^4^1 ^UH 44 ^1 6C S-ifl SAl^ol ^4. n 7l^^ 5-30 ° C/min. ^£7> ^-^4^- ^ 

^, il- 1:°! 10 ° C/min ^3£S 7>t€4. ^•^I'^l 71^1 4^^(605)AaJf El N 71- S.*?]^:!!, N 47l 

oijA^ 71-^0] 

4^°1, ^^]cl7> ^^y} i^, 4^1^^-*!^ ^fHoloKooi) -^Jf-oJI -g^^ 44^ *j-^(604)-<Lid. -^c) 

'S-444. ^ 7>t ^£fe 500-600 ° C, il- l-ol. 550 » C S ^^€4. -^li, 71^^ -l^i^- 4iii^(605)AS.^Bl 
N 2 H 4 4^-7> -ifi3-4fei^l. t jilel7> -SriiL?} £1^:51-4 4s. 4i -^-^^s. <^JH5l7> -^^4^ ^i7l- £ 
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4^, N 2 H 4 7> N 2 S Sifts) Jl, rt^ N 2 7> 4^1 N 2 O S. ^Iftslo^, 2 ^:Slel-i- -a-^t^. 'S^l^il ^1^ 
€ 2 Al;7>o.s. ^;^j^Ji::l-. ->^7] ^J-^JAJS. ^.^He)?}- ^<H1, o. 7]^^ 250" C S. ^^]<^. a ^4 

7}^-t T>}^?}P<\& 5-30 " C/min, '>i]-l- l-H, 10 " C/min ii-S. -^^^€4. t^-^o], :g-Al6)]. 7l>q] ^-g- a] 

--i: -8(605) N 2 7> N 2 >fl7|7l- ^^^4. 

2 i^l- ol^i- ^5§= ^?-^(SIMSH filsfl, -^^71 7l#-^ ^^el-S- -^-Sl], N , O i^l7)o||Al 900 " C ^rSLS. 
^ ^4 ^m^^] '"I Sl-S-<^1 ^^isloir].. 

t'^'fl Sl-^^l, N 2 O tfl7lojlAl, ;^sl^Aj.os. 300-700 ° C ^-l^^-*), u}^^-^*!-?!!^ 500-600 ° 

c ^.v.oHaI pvd afe cvn '§•'3 ^ ^•VftE]-^ ■a^lel*}'^, ^el^ ^v^Hj-xfl^} ^± ^ 

-^71 7]^^]: ^.-^lii al-^^i A7:i^ TEOS 1- 4^^^ CVD "S-^i fil^fl ^i^^ -^l 

t-^^l ^^m] M-tm7] i4|^olx::|.. «-te ^.t ^ T:>=a=sl cfll- ^o], wj-»J, ECR-CVD «^^] 

, ^ CVD 'S-'a ^ tfl7l'a- CVD 'g-^^ 41- PVD ^ CVD ^^^-§: ^l^j^ •t>^2}-oll ^-^^ 

^^^0)1 4^}-. NH 3 Stt N 2 H 4 ifl7loI| A-^, ig-Ay^t^Ai 300-700 " C ^4h, 4^4^711^ 500- 

600 ° C ^rJF-S. PVD "g-^ IF-fe CVD •g-^^'il ^1^11 '^-^^ ^el? ^^^i]-* ^^el^l-ol, ^^1^ ^^^H4. ^^1. ^ 

^7l o^el 'aAl<^-lc.il ^o]Al. TEOS 1- «ii^^i.4 CVD tS-^, E}^'^!! tflsfl '^"^f: 10 

0 ^7]op,] islE) ^, ^sL5.Ai iii^^CSill 4 ) ^ ^i:7> oj^sj:^ >^<g- CVD ^ ECR CVD 
±sL ^o\^^^^ 7] /ql^^^T:]^, 4^ PVD ^ CVD •^^-i- ^}% ^^ -ib^^i^ia 

4^^H 4t3l-S1-7il 513., 4el? ^5l-^]-ir 7ll<a'^l7l^ S.^: ^^-1*1 S "=r $i4. 

^7lfli- s- ^tg^ 7flo] E ^ ^ti^*-!) 421- ^5)^ -as^-^-S- 4-8--5}-<^ iia|:^?^1 

^o.^Al -<?-^^ ^A^^ 5>fe TFT 7} :^2z^. ^ -fr^A^. it^^M. 

(67) ^-75^ 
^T^^ 1. 

^^lBl7><^^5lfe "a-t!:S^-«]^*.(dinitrogen monoxide)!- 3E.<a«)-fe ^A: 

'8-71 E<g ^^]<i^ ^<>\^ '^■^^^± 47]<^^] 300 TOOrfil -S-SS. ^7] ^^^^iSi4 '8-71 -gej^-ibSj- 

^J-71 ^t]^ ^m^^ S-^^ 'S-71 2:A> ^7|)o|] 4 gfl ^^-51-^ ^.4^ ^-^*14 1^^. 

2. 

^J-71 -i^^ ^S4°I1^€^(TE0S, Si(OC 2 H 6 ) 4 )-& €s. 7]-^s.^ 4-8-^«^ #4^ 

4- CVD '8-^o)l 4*11 •^'S^- ^4^ ^^4- "^^4 
^^■^ 3. 

Xi<=^4, ■*7l ^.4?a ^m^^- 2-t^.^(SiH 4 ) IS <;>^ 71^01(0 2 )* €a 7] Sills 4-§-«}-<^ CVD «^ 
»ao11 4«(l ^^8^ €e)?>a^?:t ^:*i5l 
4. 

^li*^^ sJ<>14, ^7i ^4^. Ai-si-tfl-oj 7].^ ^s^.v. soot oi^o]ji 600t;olti-^ €4^'i!:S'^-4 ^^4 'J'S. 
^t"^ 5. 

^Ulhofl Sl<^4, -8-71 ^4^ 'a-:^44 -8-71 7}^ 4?i€: 30-S- ^l-y-^li 64-?!: ^I'SI-^ ^4S -ih^-^ ^^14 
6. 

^ll*^i Xi°14, 7l-^-|- ^ t «H. -8-71 ^-S.^ 5-30X)/min A) 4i-.S. k«>4-Ti ^<»l-4fe ^^^1 

^m^^ m^^^ 'S-^'fl 5a^4, 

t j^47> ^«i4^ ^«ls. s<a^fe larTfl; 
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4± 'ci]7]65Ai ^^7] -§5]^ -s^^^i ^^^"1 -s?! ^e}e -a^^-* 300t;ol^ TOOtol-Sl-S. 7}<m 
el 

8. 

■47^j-<^] SX'^^], -S-:^! -tlSl-^var ii)lSef'fl4i-^i!?i:(TE0S. Si(OC 2 H 5 ) 4 )* flS- 71^1s.a-] a}^-8|.o^ ^b)-^. 

"> CVD ^o^'Si m 'S-^E)- ^^2^ ig-ia. 

^T^^ 9. 

10. 

^^T^M ^<>\'>^. ^7] ^.Bl^ 7}^ soot; ol-^oiji 600t<>l*F?l ^el^-^l-^BV ^*iei ig-ig. 

11. 

^I7t°1| SlojAi, -^-7] ^i;^^ ^m^^^ -a-^l 7l-'a A];j];.g- 30^ o]^^o]ji e^ltt ol^^l ^ele-t^sl-^ ^^Hel 
12. 

>il7«J-i ^o^Ai. 7><a-& lit 141. -8-71 7]^ 5-30"C/minSl ^<^}7]2. ^o}7\^ Af^sf <^^^ 

^^■t 13. 

^7«M Si°lAi, 7lAii!:ol ^Ji, ^4Hal si -4- "11, -^.^t tfl^l cllAi ^71 7>^ol ^gBfl^q^r -t>J^^- 

14. 

^7] '^■^^o]^±^ ^7] -ftS^-^^ ^^.'^o.a 300t; ^]^] 700t^ ^S.S. 2A>*|.fe Ta:7(l§ 

oflAl Al-^jg ^01] filtil Aj-7| ^e)^ A!:^e] c.5J 

^71 <ij^«[.<q -3-71 abA). la^^lofl qsfi ;«sq-£l^ ^e]^2- <+4a]- ^^e^ ig-^a. 
^=i^^ 15, 

^Ut°ll 5a<HAi. ^71 il-a-^oHii* ^d<fl '8-71 ^Hlifllt -g^^l-fe ia;e|)l- ^e|^ 

^T^^ 16. 

-8-71 -i^le -ti^av^- PVD >&S3 £fe CVD fijsfl ^'S^fe ^el^ ^Sjel 

^T^"^ 17. 

=<ii7«^oi) xi^Aj, -^}-7i -a^i^ ^^v}-Sr PVD 'g-ig afe cvd 'S^a ^fe -aeis -a-^^i t^ei ^a-^. 

^T^"^ 18. 

Mti 5a«>H, ^7l 'gel^ <i!-^e^.s.pvD CVD 'g-'Bi ^«(| ^-l^J^fe ^ 

19. 

-a^le ^V^EV-a. i^^ojl 

^^e)7> ^issife ^iHMl-?. ^-a^oH^-.^ ^<U^^ « 
^7111- sl-ai. 

-8-7] ^2l& -ar^BT-iq aiae, >j}7l 2:A} ^■;^c;\] £i\^ -0:^^^ -^^]^ ^8-1^. 

20. 
21. 

>1UW -^7] ^iq-E •t!:^B]-.g. PVD 13-^ £^ CVD ^j-^oll fil«f) f ■^sjfe -tl-^^z^ ^^5^ 

^=i^^ 22. 
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-^7] ia:;^l:<>fl <=do] ?1 ^A].|^o1:g4i ^7]o|Ai ^-71 l^ol^ih t ^7] 41^1^ ^^^Bj-fil aid-S-i ^^^^ 

^-el^ -a^^sl a^d-S- 'i^7l 3:4 ^n^^ ^1^ ^^s|fe -^5)?- t^iq 
23. 

;4l22s^'^l ^'^^], ^^y] ■^.-e]^ ^IS^^^- PVD 'S-'g £fe CVD 'g-'S'^l ^sfi ^^s|fe liele -t>4=}^ ^.^^ 'S^'^. 
24. 

-3-71 B}£^lP| ^^e]^ -t^^l-CsiUcon o)dde)^ 7ll<»lS ^-^^^ 

'S-71 -^7] ^13^ vt)5?. ^^^(hydrogen nitride) 71^11- .V.-S^^ ^ 

-8-71 ij^ill-cfl -"-ISil ^o]^ ^± ^^1- ifl7]<>ll4 300 IC-^]-^ 700r ojS^^^ 7>^Ja -8-71 TflolH ^o|H|. ^o.s 

^s'l'S-a- SA}*).^- ^H]^ -tiv^xjj- t^B) »g-^. 

^T?^"^ 25. 

;*ll24^j-o|l Slol^i, y\]o]^. ^g^^ S-i^-i^rtSiH 4 ) 5J ^4-. 7l^fl(0 2 )* €^ ^l^S. 4*^"^ CVD ^ 
^<H1 5189 ii^^ ^B]^^ t^l^l 'S-'S. 
26. 

^il24*joil -an n]^]s. 7m ^ife 500t;ol-t coot;°ls)-°i ^Eie -tl^sv ^^le) ^j-i*]. 

27. 

>il24%<1 ^71 ?l]olE ^o4e>c.i A|;?>^ 30§ e^l^oit^ol ^ej^-S^?^ t^el '^'S. 

^T^* 28. 

■424^'^ 9X<>\^, 7>^-i- lit "S, -a-^l 7l% S-SOt/min^l al-g-S. ito>X|.7. ^o>;K]fe -gx^^ A^2^|.^ ^A^e] 

^t''^ 29. 

^el?^45l- ^^e1 'S-^'^l Si-^^L 

^ii-t 7i^s mm ^m '*7i 71^4- 1^*! 7}^^ :f ^ttivfls ^-4: s. 

^7] Ta-;^ll:o)1 o^sfl .^.^ ^.j^-o^ tfl7loi]Al a|.^.uv ^o.^, -45^^.^ 2:A>*l-fe larT^ll- it^^fe 

30. 

J^ag^i si<HAi. -*7] >5i^^^ aica^CSiH 4 ) ^ -tVii 7iail(0 2 )•!■ €S. 7lS(|S. AH-SI-d) ^ ^ CVD 1* 

^0)1 -^2)^ -aais?- 

H^-* 31. 

;<112W slol^l, -^71 ^Ble-a^^h^ 71-^ ^Sfe SOOtol-^j- 600t;«1«FS! -^el^-tb^^ 'S-'S. 
^^■^ 32. 

^29^M sjol'H, ^^7] ^ela Aj-^pvp^ 7}.g ^i:^>^ 30^ ,^1^^. 6Al;a:o1-g)-oi ^^^e^ uj-^ 

33. 

A2S^M ;a°14. 7>«-8- '«g t n, -^y] S-SOr/min ^ Hl^S. ^roM >^-oM-fe .giij^ Ai-j^H}- 

^T^^ 34. 

^t'"'^ 35. 
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